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INTERNATIOSAI.  ELKOTKICAL  EXHIBITIOX,  1884. 
FRANKl.tx  Institiitk.  Pliilailelpliin,  Pa. 


kf:port  of  examiners. 

Sfxtions  V  AXii  Vill. — Elvsctric  Lamps. 


To  Ike  Board  of  Manngera,  f)-ankHn  InttHule: 

Gekti.ehen  : — I  liave  the  honor  to  transtnit  herewith  the  report  of 
Group  B,  Sections  V  oml  VIII,  upon  Electric  Tjami)H. 

Kespectfully, 

M,  B.  Snyder, 
Ckairman  Board  of  Jixammers. 
FHii^ADEiiPHiA,  Hfriy,  1S85. 


Ofltrm«n  Board  of  Kmrnhtefa,  Inlo-naiional  Electrical  Exhibition  ; 

Dkak  Sir: — J  herewith  submit  the  report  of  "Group  B"  (S(f- 
tions  V  and  VIII)  u[>on  Electric  Ijamps,  The  nl»servatioiis  on  arc 
lamps  were  made,  in  the  main,  by  Professors  Brackett,  Young,  Geyer, 
and  Anthouy,  Mr.  Hering  and  Mr.  Biissraann.  Professors  Cross  and 
Mendenhall  took  part,  when  present.  Occasional  assistance  was  ren- 
<lere<l  by  Llent.  WyckofI',  Lictnt.  Murdock,  and  Dr.  Dudley.  Mr. 
Kidridge  assisted  by  recording  the  pholonietric  observations. 

The  arduous  labor  of  reducing  the  observations  and  verifying  tiie 
results  was  almost  wholly  performed  by  Lieut.  Murdock,  Secretary  of 
the  Group,  who  deaer\-es  the  hearty  thanks  of  the  other  members  of 
the  committee  for  his  patience  and  perseveranre  in  this  most  uniuter- 
«sting  work. 

Respectfully, 

Wm.  A.  Anthony, 

Chairman  of  Group  1>. 
Ithaca,  N.  Y.,  April  24, 3SW5. 


The  original  sclieme  of  committee  work  divided  observations  of  elec- 
tric lamps  among  four  different  sections,  known  respectively  as  the 
sections  on  "Arc  Lamps,"  "Carbons  for  Are  Lamps,"  "Incandescent 
I^nips."  and  "Photometric  Measurements."  As  the  membership  of 
all  these  sections  was  the  same,  it  was  soon  found  that  this  snbdivision 
entailed  unnecessary  work  and  needless  discussion,  and  the  four  sections 
were  therefore  consolidated  into  a  group,  designated  by  the  Executive 
Committee  as  "  Group  B,"*  The  work  of  this  group  covered  the  whole 
subject  of  measurements  on  electric  lamps. 

It  having  been  long  recognized  that  observations  on  incandescent 
lamps  by  which  the  tffixiency  only  was  ascertained,  were  uiisatbfactorj', 
the  desirability  of  observations  to  determine  the  life  of  lamps  ^vas 
obvioui,  and  endeavors  were  made  to  oi^nize  such  a  test.  The  time 
required  for  such  work  prevented  the  Committee  from  carrying  it  out, 
but  the  Executive  Committee  of  the  exhibition  having  offered  to 
arrange  such  a  test,  the  question  was  considered  by  the  membei's  uf 
Group  B,  and  it  was  voted  that  the  tests  of  incandescent  lamps  should 
include  duration,  as  well  as  efficiency  measurements,  and  that  such  test'! 
should  be  carried  out  under  the  direction  of  the  Executive  Committee 
of  the  Franklin  Institute  for  the  Exhibition.  It  was  further  voted 
that  "Graup  B"  should  co-operate  in  such  tests  ho  far  as  was  possible. 
.\  duration  test  was  arranged  by  the  Executive  Committee,  and  invita- 
tions to  take  part  therein  were  extended  to  the  various  incandescent 
lamp  companies  represented  in  the  exhibition.  The  work  of  "  Group 
B  "  was  therefore  confined  to  observations  of  arc  lamps. 

The  examinations  of  arc  himpe  consist«d  mainly  in  mea<;uremeiits  of 
illuminating  power  at  various  angles,  from  a  horizontal  plane  to  sixty 
d^rees  below,  and  in  measuremeuts  of  current  and  potential  at  the 
terminals  of  the  lamp.  No  attempt  was  made  to  eximine  critically  the 
r^ulating  mechanism,  or  to  measure  the  resistances  of  the  regulating 
coils.  I'he  examinations  were  all  conducted  at  the  "  test-house."  Each 
lamp  was  supplied  with  current  from  tlie  machine  for  which  it  was 
especially  designed,  and  was  adjusted  and  put  in  operation  by  the 
exhibitor,  who  also  regulated  the  strength  of  the  current. 

Currents  and  potentials  were  measured  by  the  same  instruments  em- 
ployed in  measurements  of  machines.     The  photometric  apparatus  and 

*  It  was  afterwards  fouud  advisable  to  present  the  report  of  Section  Vf, 
iCarboiisi  separately  from  ttie  rest,  but  It  will  be  found  herewith  subjoined. 


nicliiods  deserve  a  brief  descHptiou.  The  standard  to  which  all  ait^ 
lights  were  referred  was  an  Argand  burner  and  "Methven's  aereen," 
Immed  to  the  committee  by  Mr.  Wright,  of  Weston's  laboratory,  which 
Wits  accomjianied  by  a  certificate  from  the  maker  to  its  exactness  as  a 
two-c-andle  standard. 

It  was  tested  against  two  standard  candles  and  found  to  give  the 
same  light  and  to  be  much  more  uniform.  This  standard  was  placed 
at  one  end  of  a  photomett'r  bar  of  450  cm.  in  length,  at  the  other  end 
of  which  was  a  50-candle  Swan  lam[>, serving  as  a  secondary  standard. 
This  lamp  was  fed  by  a  Brush  storage  battery,  furnished  and  kept 
chained  through  the  kindness  of  the  representatives  of  the  Brush  Com- 
pany. A  second  photometer  liar  making  a  small  angle  with  the  first, 
extended  from  this  lamp  into  an  adjoining  room,  where  tlie  arc  lamp 
under  test  was  suspended. 

To  permit  of  measurements  of  tlie  light  emitted  from  the  arc  lamp 
at  various  angles  with  the  horizontal,  the  lamp  was  suspended  from 
the  end  of  an  arm  which  was  fiee  to  rotate  about  a  horizontal  axis 
parallel  to  the  photometer  bar,  but  vertically  above  it  at  such  a  height 
that  when  the  arm  was  in  a  horizontal  position  the  lamp  could  be  sus- 
])ended  from  its  extremity  with  the  arc  on  a  level  with  the  centre  of 
the  photometric  disc.  By  this  arrangement,  when  the  end  of  the  arm 
was  raised  the  luminous  point  descriijed  a  vertical  circle  whose  axis 
was  a  line  through  the  centre  of  the  photometer  disc  and  parallel  to 
the  bar.  The  radius  of  this  circle  was  127  cm.  and  the  distance  of  its 
plane  from  the  secondary  standard  640  cm.  At  the  centre  of  this  circle 
was  placed  a  mirror  of  glass,  silvered  on  the  back,  at  such  ao  angle  that 
the  light  from  the  arc  lamp  falling  u{>on  it  was  reflected  along  the  axis 
of  the  cirole  upon  the  photometer  disc.  It  will  be  seen  that  the  dis- 
tance between  the  lamp  and  mirror  was  tlius  rendered  constant  for  all 
elevations  of  the  lamp,  that  when  the  mirror  was  adjusted  to  reflect  tlu' 
light  upon  the  disc,  the  angle.s  of  incidence  and  reflection  were  always 
45°,  and  that  the  distance  from  the  image  of  the  lamp  to  the  secondary 
standard  was  always  767  cm.  The  mirror  was  carefully  tested  foi- 
absorption  and  the  proper  corrections  made  in  the  computation  of  the 
result. 

The  general  plan  of  making  observations  was  as  follows:  The  arm 
from  which  the  lamps  were  suspended  was  made  horizontal  and  the 
height  of  the  lamp  adjusted  to  bring  the  luminous  point  on  a  level 
with  the  centre  of  the  mirror  and  photometer  disc     Two  observers 


tlk'ii  U(!jii8ted  and  rm*\  the  positions  of  tin-  two  (IJMtM  ten  times.  Tlic 
lunij)  wSH  tlieii  mised  by  niising  tlie  oml  of  ilic  arm  to  which  it  was 
euHpeiided  and  the  readings  repeatwl.  This  was  continued  until  a  snf- 
ficient  nnrabei'  of  j>ositinn8  iiad  been  taken. 

Olraervations  for  current  strength  and  for  difference  of  potential 
between  the  binding  posts  of  the  lamp  were  uuxle  itt  frequent  intervals 
while  the  photometric  readings  were  in  pnigress. 

To  facilitate  the  oomparisoii  of  the  an'  lights  witli  the  standard,  au 
apparatus  was  devised  by  which  one-half  or  any  larger  fraction  of  the 
light  could  I>e  cut  otf  at  pleasure.  This  apparatus  consiste^l  of  ii 
brass  diec,  about  :V)  cm.  in  diameter,  having  twenty-four  sector- 
shaped  ojKinings,  all  e<iual  U^  each  other  and  to  the  metal  portions  that 
remained  between.  Upon  this  was  placed  another  exactly  similar 
disc,  which  could  be  so  turned  as  to  close  any  desired  fraction  of  the 
openings. 

This  ajtparatiis  was  mounted  on  a  spindle  placed  parallel  to  tlio 
photometer  bar,  and  in  such  a  position  that  the  light  from  the  arc 
lamp  must  {>as3  through  the  openings  to  reach  the  photometer  disc. 
When  the  apparatus  was  made  to  revolve  at. only  a  moderate  rate  ot 
speed  it  was  impossible  to  detect  the  slightest  flicker  or  inequality  in 
the  light  in  iion.'wquenoe  of  its  use. 

In  the  tests  nmde  by  your  committee,  the  apparatus  was  used,  when 
used  at  all,  with  the  sectors  full  open,  when  it  was  assumed  to  cut 
ulf  one  half  the  light  as  theory  would  indicate. 

Experiment  showed  that  if  there  is  any  error  in  this  assumption  it 
is  far  leas  than  those  arising  from  the  unsteadiness  of  arc  lights. 

The  tables  below  emlKidy  the  results  of  all  the  tests. 

In  Table  I,  <x>lumn  1  gives  the  altitudes  of  the  lamp  at  which  the 
illuminating  |H)wer  was  actually  measured. 

Column  2  gives  the  true  candle  power  for  each  altitude  after  apply- 
ing all  (corrections.     Kach  result  given  is  a  ineiui  of  ten  observations. 

Column  ;t,  the  mean  of  the  observations  for  (riirrent. 

Column  4,  the  mean  of  the  olwervations  for  difference  of  potential 
Ijetween  binding  )>osts. 

Column  5,  the  electrical  enei^  consumed  by  the  lamp  in  Watts. 

Column  6,  the  same  in  horse-powers. 

Column  7  gives  the  candle-powers  for  each  15°  of  altitude  from  the 
horizontal  to  l!0°,  as  deduced  from  the  curves  given  in  X,  Plate  I. 
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Column  ,9  gives  the  candles  per  hoiise-power  tor  the  same  t^leva- 
tioDS. 

Under  the  head  of  remarks  are  given  such  wljservalions  as  were 
made,  during  the  pr<^reBs  of  the  teste,  as  to  the  working  of  the 
lamps. 

Table  II  has  been  compiled  to  exhibit  the  results  of  the  observa- 
tions as  to  the  steadiness  of  the  liglif.  The  several  columns  give  the 
ratios  between  the  are  light  and  the  standard  for  each  of  the  ten  obeer- 
vations  for  eaeh  altitude. 

The  plate  shows,  on  a  system  of  polar  co-ordinates,  the  relative 
intenttities  of  the  various  lamps  tested,  and  the  distribution  of  the 
light  below  a  horizontal  plane.  The  advantage  of  placing  an  arc 
lamp  at  a  considerable  elevation  [appears  very  clearly  from  an  insijec- 
tion  of  these  curves. 
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Table  II. —  Variatiorw  in  hiiensUy  of  Lighis-whiie  unda-  '. 
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NoTK.— Tlie  muULpllerilu  Table  II  are  llioxa  by  wblcli  the  IntenHlly  or  the  itatidard 
Is  [o  be  moltlpllvd  lo  give  llie  llglitof  are  Inmpx,  a»  obwrved.  This  producl  In  to  be 
malrlplled  by  (he  coiislaiit  I'IBS,  toalloir  tbr  Ion  by  reflection,  and  when  i he  revolving 
[IIht  vua  uaetl  by  -i:    The  flnal  producMB  the  Id  tensity  of  the  arc  light*  In  oandlen. 

The  varlHttun  of  the  multlpliert  In  anyone  column  la  therefore  a  measurenient  or 
ThelncODBtancy  of  thearc  light  at  Itaat  altitude.  If  ihe  aetual  vnrlHIIonH  iire  desired  In 
cnndlex.  each  maltlpller  muBt  he  niiilllplled  by  [he  liileiiiiily  of  tlie  Hlanilnnl,  by  I'lK 
nnil  when  disc  la  UMd  by  2', 

Tlie  fon^oing  m  i-espect fully  presented  hy 

WiiJ.iAM  A.  AsTHOSY,  Cfiairmati. 


G.  Morgan  Eli>rii>ge, 
Charles  B.  Dudi,e\', 
Oscar  S.  1{u8smanx, 

T.  C.  MK.NDf^XHAI.I,, 


Wm.  E.  Gkykii, 

OlIAS.    A.    YOL'.NG, 

A.  B.  Wyckoff, 
Carl  Herixg, 

ClIAK.  R.  Clt(«.«. 


J.  B,  MuHDt>CK,  Seci-etar^. 
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INTERNATIOXAL  ELECTRICAL  EXHIBITION,  1884. 
Frasklin  Ihstitute,  Philadelphia,  Pa. 

Section  VI. — Carbons  pon  Abc  Lamps. 


To  ike  Board  of  Managers,  FrankHn  InetUiUe  : 

Oentlehen  : — I  have  the  honor  to  transmit lierewith  the  reiMrt  of 
the  Examiners  of  Section  VI,  on  Carbons  for  Arc  Lam|>K. 

Respectfully, 

M.  B.  Snydeh, 

Qtairman  Board  of  Examinem. 
Philadelphia,  May,  1885. 


Prof.  M.  B.  Skydeb, 

Chairman  of  Board  of  Examiners, 

Inlematioitat  Eleefrical  Exhthitlon  .• 
With  the  perml<ision  of  Prof.  Anthony,  Chairman  of  Group  B,  I 
herewith  submit  separately  the  report  of  Section  VI,  "  on  Carl«ns  for 
Arc  Lamps,"  It  includeschemicalanalysesby  Dr.  Dudley,  Prof.  Greene 
and  the  chairman,  a  thorough  series  of  spec-ific  gravity  deterini  nations 
by  A.  E.  Outerbridge,  Jr.,  a  microscopical  study  of  their  transvei-sc 
sections  by  Dr.  Persifor  Frazer,  and  a  tjible  of  resistances  of  the  cai-- 
lions,  l)oth  plain  and  copper-coatetl,  made  by  Prof.  Wm.  A.  Anthony, 
ResjHtctfully, 

Samuel  P.  Sadtler, 

Chairman  of  Section  VI. 
Chas,  B.  Dudley, 

Secretary  of  Section  VI. 

Philadelphia,  May,  1885. 
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section  VI  had  submitted  to  it  for  inspection  and  report  the  carboos 
from  five  exhibitors,  viz.: 

1 .  The  Brush  Electric  Company, 

2.  The  Wallace  Carbon  Company. 
.{.  The  Boulton  Carbon  Company. 

4.  The,  BufKilo  Carbon  Com[>aiiy. 

5.  The  Carrfi  carbons,  nianufuctured  by  Eniile  Ijevy,  Paris,  and 
exhibited  by  Messrs.  J.  W.  Queen  &  Co. 

Of  these,  tlie  Brush,  Wallace,  and  Boulton  comjwnies  submitted 
pluin  and  copper-coated  carbons,  the  BuH^lo  Company  a  homogeneous 
carbon,  both  plain  and  copper-coated,  and,  in  addition,  a  carbon  with 
a  core  of  pure  graphite  inserted  In  a  sheathing  of  coke  and  a  carbon 
with  a  vitrified  coating,  while  Queen  &  Co.  offered  only  the  uncoated 
Carr6  carbons. 

It  was  determiaed  to  have  chemical,  physical  and  mechanical  studies 
made  of  these  carbons,  but  the  study  of  the  physical  characters,  resist- 
ance, duration  of  burning  in  the  lamp  under  diflerent  conditions  of  * 
current,  etc,  was  handed  over  to  the  Section  on  Arc  Lights,  whose 
chairman,  Prof.  William  A.  Anthony,  agreed  to  take  this  part  of  the 
work. 

[A  report  oh  the  resistance  tests  came  in  after  this  was  written,  and 
is  appended.] 

The  chemical  and  mechanical  study  was  apportioned  out  among  the 
members  of  the  Section  who  now  present  this  report,  and  included 
determinations  of  the  percentage  of  carbon,  hydrogen  and  ash,  with  a 
qualitative  examination  of  the  chief  constituents  of  the  latter  in  the 
several  plain  or  uncoated  samples,  the  amount  of  copper  on  the  coated 
carbons,  both  absolutely  by  weight  and  relatively  i>er  unit  of  length ; 
specific  gravity  determinations  on  the  uncoated  carbons,  both  with  sec- 
tions of  the  solid  carbons  of  given  length  and  with  the  pulverized 
material;  and,  lastly,  a  microscopical  study  of  the  structure  of  the 
carbon  pencils,  using  for  this  purpose  specially  prepare<l  thin  cross-sec- 
tions. The  aid  of  micro-photography  has  also  been  availed  of  in  this 
latter  case  for  the  proper  illustration  of  the  results. 

J.  DdermtJialion  of  the  percmitage  composition  of  the  uncoated  aar- 
hon»  (carbon,  hydrogen  and  ash).— This  was  undertaken  by  Professor 
Samuel  P.  Sadtler,  and  was  made  to  include  five  samples,  viz. :  the 
plain  Brush,  Wallace  and  Boidton  carbons,  the  plain  solid  Butl^lo 
carbon  and  the  Carr6  carbon.     The  Buffiilo  carbon  with  the  graphite 


von  was  not  analyzed,  as  the  agent  of  the  eonipany  said  Ihat  the 
sheathing  was  nia<Ie  exactly  of  the  same  materials  and  by  the  same 
methods  as  tiie  solid  carbon  exhibited,  while  the  pure  graphite  core 
liad  a  anfficiently  well-known  composition. 

The  greater  (mrt  of  a  single  pencil  having  been  reduced  to  fine 
powder,  the  materia!  for  analysis  was  taken  from  this  stock.  The 
<letermi nations  were  made  by  the  methods  of  ultimate  analysis,  using 
an  open  tube,  threc-fonrths  iilled  with  granular  cupHc  oxide,  placing 
the  weighe<l  material  in  a  platiuuju  boat,  and  conducting  over  this  a 
slow  stream  of  oxygen.  In  this  way,  besides  the  carbon  and  hydro- 
gen determinations,  the  ash  could  l>e  accurately  weighed,  and  a  check 
established  upon  the  whole, 

The  results  were  as  follows : 


Brush  Carbona. 


Carbon 

Hydrogen 

Ash 

Occluded  air  o 


Wallace  Carbona. 

I.  II.      Av 

95-92 

116         i)-97 
2-94  ■       2-80 


100-00      lOO'OO 


Jioulion  Carbons. 


Buffalo  Carbotu. 


Carbon 9810 

Hydrogen 9-72 

Ash 0-87 

Occluded  air  or  loss 0-22 

10000 


0-72 
0'871 
0-19 


I. 

(Carbon 0o-98 

Hydrogen 100 

Ash 1-91 

Occliideil  air  or  loss. I'll 

loo-iirt 

In  looking  at  these  figure:*,  rieveral  [mints  of  interest  at  once  pre- 
.«ent  themselves. 

The  Brush  carbons  have  the  smallest  ash  of  the  series.  On  ac- 
count of  their  rather  more  open  and  porous  structure,  there  is  room 
for  occluded  air  in  this  case,  as  the  result  shows. 

The  Wallace  carbons  have  the  largest  amount  of  ash  of  the  serie 
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The  character  of  this  ash  will  be  noted  farther  on  by  another  meinlwr 
of  the  Cummittee.  This  carbon  is  closer  iu  structure  than  the  Brush 
carbon,  being  made  in  an  entirely  diderent  way,  and  there  is  no  owlu- 
ded  air  to  look  for. 

The  Boulton  carbons,  though  iiaving  a  higher  percentage  of  ash 
than  the  Brush  carbons,  have  a  higher  carbon  and  a  lower  hydrogen 
percentage,  possibly  having  been  burned  at  a  higher  tcmjierature. 

The  Buffalo  carbons  show  a  distinctly  higher  percentage  of  a^h 
than  the  Brush  or  the  Boulton  carbons.  The  hydrogen  jiercentage  a;* 
given  is  possibly  a  little  too  high,  as  the  summing  up  seems  to  show. 

The  Carr6  carbons  show  a  large  ash,  although  considerably  less  than 
the  Wallace  carbons.  The  porous  structure  of  these  hydrorarboita 
offers,  no  doubt,  a  partial  explanation  for  the  relatively  lai^  percent- 
age of  occluded  air  and  loss. 

3.  Detetminaiion  of  the  percentage  oj  ash  and  qiuUiiaHve  examina- 
tion of  same. — This  was  undertaken  by  Dr.  Charles  B.  Dudley,  and 
the  examination  was  made  upon  a  portion  of  the  same  pulverized 
material  as  that  used  by  Prof.  Sadtler  in  the  combustion  analyses. 
The  results  were  as  follows : 

The  Brush  carbons  yielded  0'478  per  cent,  of  ash,  A  qualitative 
examination  sho^^ed  that  the  portion  insoluble  in  acids  was  slight ; 
that  there  was  a  considerable  amount  of  ferric  oxide  and  a  trace  of 
magnesia. 

The  Wallace  carbons  yielded  2'fi72  per  cent,  of  ash.  A  qualitative 
examioation  showed  a  lai^  insoluble  residue  and  a  latge  amount  of 
the  oxides  of  copper  and  iron. 

The  Boulton  carbons  yielded  0'892  per  cent,  of  ash.  A  qualitiitive 
examination  showed  a  small  insoluble  residue  only,  a  large  amount  of 
ferric  oxide  and  a  trace  of  magnesia. 

The  Buffalo  carbons  yielded  1'104  per  cent,  of  ash.  A  qualitative 
examination  showed  a  small  insoluble  residue,  mucji  ferric  oxide,  .ind 
a  trace  of  magnesia. 

The  Carrg  carbons  yielded  2-08(>  i>er  cent,  of  ash.  A  qualilative 
examination  showed  coiisideral)Ie  iu.soUiblc  residue,  much  ferric  oxide, 
and  considerable  lime. 

It  will  be  seen  that  these  ash  determinations  correspond  quite  gen- 
erally, in  some  cases  with  great  exactness,  to  those  gotten  in  connec- 
tion with  the  combustion  analyses  of  the  carbons. 
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J.  DelerminaUoTte  of  copper  on  the  eopper-coaied  carioiia. — These 
were  made,  by  Prof.  Wtu.  H.  Greene,  upon  the  samples  of  the  Brush 
Company,  the  Wallace  Compnny,  the  Boulton  Company,  and  both  the 
homogeneous  and  the  graphite-core  carbon  of  the  Biil&lo  Company. 
No  copperH3oated  sample  of  the  Carre  carbon  was  exhibited.  The 
results  are  given  in  tabular  form  on  page  17. 

4.  Specific  gravity  det^rminaiions. — These  were  undertaken  by  A. 
E.  Outerbridge,  Jr.,  and  were  made  upon  the  iinooated  carbons  of  the 
Brush,  Wallace  and  Bnulton  Companies,  the  French  Carrg  carbon  and 
the  plain,  the  grapfaite-core  and  a  glazed  carbon  of  the  Buflalo  Com- 
pany. 

A  superficial  examination  of  these  carbons  showed  that  some  of  them 
were  much  more  porous  and  of  coarser  grain  than  others;  it  was 
tliought  advisable,  therefore,  to  make  two  different  determinations  of 
each  sample,  one  for  the  purpose  of  ascertaining  the  specific  gravity  of 
the  pencil  and  the  other  the  specific  gravity  of  the  material  of  which 
the  pencil  is  composed. 

For  the  first  method  the  samples  were  all  cut  to  the  same  length, 
viz.,  6  centimetres.  These  were  first  heated  to  a  miKierate  temperature 
to  ex|>el  the  moisture  absorbed  in  their  pores  and  further  dried  in  a 
desiccator;  when  quite  cool  they  were  weighed  upon  a  delicate  analyti- 
cal balance,  sensitive  to  less  than  one-tenth  of  a  milligram.  The  pencil 
was  then  coated  with  shellac  varnish  to  prevent  the  absorption  of  water 
when  immersed.  When  the  thin  coating  of  shellac  was  hard  the  sam- 
ple was  susjwnded  from  the  beam  by  a  filament  of  silk  and  reweiglied ; 
this  was  the  weight  used  in  the  specific  gravity  deterraiuatious.  The 
sample  was  then  immersed  in  a  beaker  glass  of  distilled  water  at  60°F. 
and  weighed.  The  specific  gravity  of  the  pencil  was  then  determined 
by  the  usual  calculatioit. 
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In  order  to  determine  the  specifie  gravity  of  the  material  of  which 
the  pencils  are  composed,  it  was  first  ground  to  a  fine  powder  in  a  steel 
mortar,  put  through  a  "  No.  80  "  sieve,  warmed  to  expel  moisture,  dried 
in  the  desiccator  and  weighed.  The  weight  taken  in  this  case  was 
usually  two  grammes.  The  specific  gravity  bottle  which  was  used  in 
these  determinations  was  filled  each  time  with  distilled  water  at,  or 
very  near,  60°F.,  and  weighed;  the  water  was  then  jyoured  out,  the 
powder  put  in,  the  bottle  refilled  with  water  (care  being  taken  that  no 
air-bubbles  remained)  and  reweighed;  from  which  data  the  epecifie 
gravity  of  the  sample  was  determiue<). 

In  addition  to  the  above,  two  other  experiments  were  made,  as  fol- 
lows: The  pencil  was  broken  up  in  the  mortar  and  the  finest  jiarticles 
separated  by  the  sieve;  the  coarser  grains  were  weighed,  thrown  into 
distilled  water  and  boiled.  The  water  was  thi.n  cooled  down  to  fiO^F., 
the  granules  transferred  to  the  specific  gravity  bottle  and  a  new  deter- 
mination made.  In  both  cases,  the  specific  gravity  was  much  higher 
than  that  of  the  finely  powdered  jmrtion  of  the  same  sample,  as  will 
be  seen  from  the  tabular  statement  appended.  This  would  seem  to 
indicate  that  some  volatile  gas  was  driven  off  during  tiie  process  of 
boiling. 

A  further  observation  was  made,  viz. :  that  the  material  comj>osing 
the  pencils  is  not  of  uniform  density.  When  the  sample  is  finely 
|)owdered,  thrown  into  water  and  stirred  with  a  glass  rod,  a  portion 
sinks,  hut  another  portion  (somewhat  like  au  oily  scum)  floats  upon  the 
surface.  This  is  doubtlesssome  pitch  or  tar  compound  used  to  cement 
the  materials  together.  Most  of  the  carbons  used  in  actual  practice 
are  coated  with  a  superficial  layer  of  cojiper,  and  ns  this  would  render 
specific  gravity  determinations  of  no  value,  the  plain  carbons  only  ivere 
uso<l  with  the  exception  of  one  sample  exhibited  l»y  the  Buffiilo  Co., 
«overe<i  with  a  coating  of  borate  of  lead.  There  was  also  a  carbon 
pencil  examined  having  the  peculiarity  of  a  central  core  (resembling 
graphite)  a  little  larger  in  diameter  than  the  core  of  nn  ordinary  lead 
pencil. 

It  was  noticed  when  these  different  determinations  were  tabulated 
that  the  specific  gravity  of  the  powdered  carbon  was  (as  might  be 
expected)  in  each  case  greater  than  that  of  the  pencil,  and  furthermore 
that  the  pencils  showing  the  highest  specific  gravities  were  not  made 
from  the  densest  materials.  Considerable  difference  was  also  noticed 
in  the  hardness  of  the  diffei-ent  samples. 


The  figures  giveu  ia  these  tables  are  the  average  of  two  weigliings 
of  the  same  sample  after  drying. 


eneus. 

Name  of  Sample. 

Leogth. 

Welghl.          .  Speeltlo   QravUj-. 

Brush 

5  ceDtlmeLreH, 
do. 

do. 

T'SOSi 
1    7-0540 

1   8-«ei 

ramm«s.    I              1-520 

Buffldo— graphllecore 

r<i.j 

1-JOO 

, 

Oround  Carbon. 

Nune  of  Sample. 

1           Weight. 

SpBolBo  gravity 

Brush 

do. 

{St 

1-S87 

1-6DB— 1-540    Average.  l-sTS 

Vnrti 

«„. 

l-88.>-fB14    Average,  1-0995 

Tlie  following  table  shows  the  specific  gravity  of  the  two  coarsely 
powdered  samples  which  were  boiled  iu  distilled  water. 


.  H|>.  jtr.,  1-iKH 
■  ap.gr.,  1-9S2 


■5.  Microscopical  exummalioH  of  ihin  Iramverse  sections  of  the 
carbons. — This  was  made  by  Dr.  Persifor  Frazer  and  yielded  the 
following  very  interesting  results. 

The  examination  of  the  five  thin  sections  of  the  electric  light  carlwns 
submitted  was  undertaken  with  an  8-10  Zeutraayer  lens  and  a  Beck 
parabolic  reflector. 

The  sections  were  in  fair  order  (with  the  exception  of  some  dirt  on 
the  inner  surfaces  of  the  cover  gla'KCs)  except  that  Is'o.  5  was 
broken  across  the  cover  gla.'w  and  the  latler  as  well  as  the  carbon  see- 
tion  detached  from  the  slide 
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rhotographs  tbrough  the  Mlcroioopo  ot  tliln  SuotEom  of  Elaotrlr  Light  Cnrbons,  I 
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No.  1 ,  was  taken  from  a  Brush  carbon. 

No.  2,  was  taken  from  a  Wallace  carbon. 

Ko.  3,  was  taken  from  a  Boulten  carbon. 

No.  4,  was  taken  from  the  Buflalo  Co.'s  carbon. 

No.  5,  was  taken  from  the  Carrfi  carbon. 

The  preliminary  examination  was  made  without  a  reflecting  mirror 
and  with  a  low  eye-piece  giving  a  magnifying  power  of  abotit  60 
diameters. 

No.  1.  Undeor  these  circumstances  No.  1  presented  an  opaque  siir-- 
face  except  in  a  few  spots  where  the  film  was  torn  away,  and  a  few- 
translucent  i)articles.  The  color  of  its  surface  was  silver  gPay  with  - 
foliated  masses  of  carbon  of  decidedly  graphitic  appearance  distributed 
through  the  field. 

Under  the  reflected  light  of  the  paralwlic  mirror  the  substance  of 
the  section,  though  of  coarser  structure  than  appeated  in  the  other 
slides,  seemed  of  considerable  constancy  of  composition. 

The  largest  grains  were  about  0*1  mm.,  and  the  smallest  0*03  ram., 
the  latter  measurement  quite  accurately  representing  the  size  of  the 
pores.  All  the  bright  spots  are  surfaces  showing  high  metallic  lustre 
and  gray  color,  with  lines  of  striation  and  fracture. 

No.  2.  Without  the  reflector,  No.  2  presented  the  appearance  of  a 
fine-grained  surface  covered  with  small  rounded  nodules  or  minute 
botryoidal  masses,  and  showed  little  if  any  traces  of  foliation  or  crys- 
tallization. 

Under  refiected  light  (and  exposed  on  the  underside  to  a  parallel 
beam)  the  largest  opaque  grains  were  0'03  mm.  and  the  smallest  0*01S 
mni.  The  average  size  of  the  opaque  grains  was  0*02  mm.  These 
are,  in  a  rough  estimate,  from  1  to  2  per  cent,  of  visible  foreign  mat- 
ter in  the  carbon  in  the  form  of  grains  of  various  substances  (which 
are  generally  translucent)  in  the  carbon.  Some  of  these  reach  a  size 
of  0"1.  There  are  fewer  pores  in  this  than  in  No.  1,  but  those  which 
exist  are  larger. 

The  lai^est  part  of  the  substance  is  very  fine  grained,  but  large  dark 
gray  angular  discs  are  very  generally  distributed  throughout  the  mass. 
In  the  photograph  these  dark  gray  flat  bodies  are  visible,  and  tlic  con- 
stituent parts  of  the  fine  mass  are  les.s  sharply  defin&l  and  separated 
But,  in  fact,  the  photc^raph  cannot  give  either  the  color  or  the  lu-itre 
of  the  original,  and  is  mainly  useful  in  givii^  an  idea  of  the  texture 
of  the  surface. 
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No.  3.  Witliout  the  reflecting  mirror,  No.  3  showed  an  extremely 
fine-grained  texture  with  comparatively  few  and  quite  small  points  of 
silver-gray  color  and  metalloid  lustre. 

Under  the  mirror,  the  grains  measured  from  0*05  to  0'02. 

The  texture  was  extremely  fin&^rained  and  compact,  and  the  struc- 
ture exceedingly  homogeneous.  The  color  of  the  snrfeoe  was  a  ligliter 
gray  than  that  of  any  of  the  other  slides,  and  was  tinged  ydlowish  in 
irr^ular  blotches  which  may,  however,  have  been  the  result  of  the 
accidental  addition  of  a  foreign  body  in  mounting.  Occasional  trans- 
lucent oblong  particles  were  seen  measuring  O'l  mm.  to  0*05  mm. 
along  their  longer  sides. 

The  surface  exhibits  small  and  large  masses  of  slightly  greenish 
color  attached  to  each  otlicr  and  nowhere  separable  into  distinct  grains. 
The  smallest  of  tliese  constituent  parts  are  not  so  small  as  those  of  the 
matrix  of  No.  2 ;  and  the  largest,  not  as  large  as  the  dark  angular 
fragments  in  the  same  slide.  The  structure  is  nowhere  compact,  but 
loose  and  spongj'.  There  are  visible  a  Ccw  small  striated  particles  of 
irregular  outline. 

No.  4.  Without  the  mirror  the  texture  appears  very  fine,  but  little 
granular  in  character.  The  very  smalt  points  of  steel-gray  color  of 
graphitic  aspect  are  less  numerous  than  in  2  and  3. 

With  the  reflector,  the  grains  varied  in  size  from  0*01  mm.  to  0*03 
mm.,  the  average  being  rather  nearer  to  the  first  measurement.  The 
color  was  a  somewhat  darker  gray  than  that  of  No.  3,  and  the  num- 
ber of  very  minute  particles  of  foreign  matter  was  greater,  most  of 
these  were  translucent  and  measured  about  0*02  mm. 

No.  5.  Examined  simultaneously  in  reflected  and  transmitted  light, 
No.  5  shows  a  very  large  number  of  holes  which  have  doubtless  been 
causetl  by  the  more  ready  crumbling  of  certain  of  its  constituent 
grains.  Those  of  the  latter  whicli  are  o|)aque  measure  from  0'()2  mm. 
to  0-01  mm.  The  grains  are  not  so  fine  as  in  the  last  siwxinien,  and 
the  structure  seems  to  be  !»«  homogeneous. 

From  the  existence  of  luiiiierous  very  fine  }H>ints  of  various  eoloi-s 
in  transmitted  light,  and  the  existence  of  the  holes  formerly  men- 
tionetl,  it  would  seem  that  the  powdered  carbon  has  been  mixed  with 
very  fine  sand  or  earth,  either  accidentally  or  purposely,  before  having 
been  moulded  into  sticks. 

The  gi-ound  mass  has  a  fine  grained,  dark  greenish  apjiearance  of  the 
same  character  as  that  of  3  and   4,  i.  e.,  resembling  a  sur&ce  of  a 


decomposing  Diineral.     A  number  of  dark  gray,  flat,  angular  objet 
are  scattered  through  the  maes  as  in  No.  2. 


RESrSTANOpS    OP    ARC    LIGHT  CARBOS8. 

The  following  measurements  of  resistances  of  electric  light  carbons 
were  made  at  Cornell  University  last  winter.  The  carbons  wei-e 
selected  at  random  from  those  which  Professor  Sadtler  procured  for 
t«sts,  and  probably  reiiresent  a  fair  average. 

The  method  pursued  iu  measuring  the  resistances  was  as  follo%V8: 
The  carbon  to  be  tested  was  connected  in  cii'cujt  with  a  piece  of  very 
anifomi  German  silver  wire,  a  known  length  of  which  measured  ^ 
ohm.  To  connect  the  carbon  in  the  circuit,  a  hole,  which  the  carbon 
litted  tightly,  was  bored  in  the  side  of  a  wooden  block,  and  a  second 
hole  bored  from  the  top  ot  the  block  to  meet  the  first.  Such  a  block 
was  fitted  upon  each  end  of  the  carbon  and  the  vertical  holes  filled 
with  mercury.  Into  this  the  connecting  wires  were  placed.  The 
resistance  of  the  cartwn  wa?  determined  by  obtaining,  upon  the  Ger- 
man silver  wire,  points  having  the  same  difference  of  potential  as 
points  on  the  carbon,  near  the  two  ends.  Measuring  the  distance 
between  these  points  on  the  Germau  silver  wire,  and  comparing  with 
the  known  length  for  -^  ohm,  gave  the  resistance  of  the  carbon.  To 
determine  the  points  of  equal  diiference  of  potential,  a  Thomson  galvan- 
ometer of  lOjOOtJ  ohms  resistance,  difierentially  wound,  was  used. 
The  coils  were  adjusted  so  that  no  deflection  occurred  when  the  same 
current  flowed  in  opposite  directions  through  them.  Their  reeLstances 
were  also  adjusted  to  exact  equality.  The  terminals  of  one  pair  of 
coils  were  th»i  connected  with  |Kiints  near  the  ends  of  the  carbon,  and 
the  terminals  of  the  other  pair  with  sliding  contacts  on  the  German 
silver  wire.  The  method  of  using  the  instrument  will  now  lie  evident. 
It  was  far  more  sensitive  than  was  necessary  for  the  purjjose,  but 
could  nevertheless  be  used  with  great  facility.  The  measurements 
were  made  by  Mr.  E.  T.  Turner,  a  young  man  doing  some  post-gradu- 
ate work  in  my  laboratory.     The  results  are  given  in  the  table  below : 
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INTERNATIONAL  ELECTRICAL  EXHIBITION,  1884. 
Franklin  Institote,  Philadelphia,  Pa. 


REPORT  OF  EXAMINERS. 
Section  X. — Stkah  Boilers. 


"  To  the  Board  of  Managers,  FranJdin  LuHtuU : 

Gentlemen  : — I  have  the  lienor  to  transmit  herewith  tlie  report  of 
the  Examiners  of  Section  X,  on  Steam  Boilers. 
Respectfully, 

M.  B.  Snyder, 
Chairman  Board  of  Examiners. 
Philadelphia,  December,  18B4. 


Prof.  M.  B.  Snyder, 

Chairman  Board  of  Examiners,  Intemattoruil  Electrical  ExhihiHoH : 

Sir  : — The  Examiners  in  Section  X  (on  Steam  Boilers),  resi)ect- 
fiilly  present  the  following  report. 

H.  W.  Spangler,  for  Section  X. 
Philadelphia,  December,  1SS4. 
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REPORT  ON  STEAM  BOILERS. 

V.  S.  S.  lennentee,  New  Obleamb,  La. 
February  13,  1885. 
To  the  Chairman  of  the  Board  of  Examiner*  on  Steam  BoUert. 

Gentlemen  :— Enclosed  I  send  you  a  copy  of  the  results  of  tesW  made 
duriug  the  late  Interaatlonsl  Electrical  Exhibition,  together  with  an 
account  of  the  methods  uiied,  and  the  deductions  from  the  results. 

The  drawings  of  all  the  boilers  are  in  the  posaesaiou  of  Professor  Marks, 
and  I  would  recommead  that  they  Ije  reproduced  for  the  report.  1  have  not 
that  data  with  me  which  can  be  taken  directly  from  the  drawings,  and 
have  left  blanliB  wherever,  in  the  description  of  the  tMilera,  data  should 
be  filled  in. 

The  thanks  of  the  Committee  aredue  to  theCrosby  Steam  Gauge  and  Valve 
Company,  for  the  use  of  their  standard  steam  gauges  and  test  pumj>9 ;  also 
to  Mr-  M.  B.  Edson  for  his  recording  and  alarm  gauge,  which  was  used  In 
each  of  the  testa ;  also  to  the  Blake  Manufacturing  Company,  for  the  use  . 
of  two  pumps  for  feeding  boilers  during  the  tests  ;  and  to  Riehl^  Brothers 
and  Mr.  Troemner  for  the  use  of  scales  during  the  tests. 

The  following  named  young  men  rendered  valuable  assistance  in  observing 
and  recording  the  data  during  the  tests,  and  are  especially  entitled  to  the 
thanks  of  the  Committee. 

Geo.  R.  Green,  H.  Szlnpka,  Leon  Kraft, 

Charles  H.  Braall,         F.  Thibault,  Richard  MuCall, 

George  K,  Fischer,        E.  E.  Alcott,  R.  L.  Rutter, 

W.  F.  L,ubbe,  Wm.  A.  Bigler,  D.  E.  Tracy, 

L.  F.  Roudinella,  Theodore  Gould,  Jr.,        Joseph  Israel, 

ThoB.  Grler. 
All  the  calculations  have  been  checked  at  difTerent  times  by  different 
computers. 
Hoping  the  results  and  methods  have  been  satisfactory  to  the  Committee, 
I  am,  very  truly  yours, 

H.  W.  Spanqler  I /or  Section  X), 

Antislanl  Engineer,  U.  S.  Xavy. 

Code  of  the  Propoted  Quantitative  Teste  for  the  Eiiaporative  Efficiency  of 
Boilert  at  the  International  Electricai  Exhibition,  by  the  Franklin  Insti- 
tute, 0/1884.  . 

SPECIAL  NOTICK. 

Boilers  may  be  exhibited  and  used  at  the  International  Electrical  Exhi- 
bition, but  will  not  have  quantitative  tests  made  of  their  efficiency  unless 
formal  application  is  made,  and  the  subjoined  code  accepted  before  July  15, 
1&S4. 

Competitive  tests  will  not  be  made  unless  at  tlie  Joint  request  of  the 
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parties  desiring  a  competitive  test,  and  after  tbey  have  agreed  to  and  sub- 
8crit>ed  to  this  code,  and  Hzed  upon  a  rating  for  tbe  points  enumerated  in 
Article  4. 

The  Committee  of  Judges  reserve  tlie  right  to  limit  the  number  of  teeta 
made,  should  time  and  opportunity  not  permit  all  the  tests  desired  to  be 
contpleted. 

SECTION  I.— PRELIMINARIES  TO  THE  TE8T8. 

Article  1.  (Capaoity.)  The  boiiers  entered  may  be  of  any  capacity 
having  an  evaporative  pokier,  not  less  than  seven  hundred  and  fifty  pounds 
of  water  per  hour. 

Each  Iwller  must  be  so  drilled  as  to  enable  ita  whole  internal  capacity  to 
be  determined  by  being  completely  filled  and  emptied  of  water.  Proper 
cocks,  piping,  etc.,  must  be  so  placed  as  to  enable  this  to  be  done  readily. 

Abt.  2.  (Pipes  and  Valves.)  Each  exhibitor  will  furnish  all  the  pipes 
and  valves  necessary  to  mal^e  connection  with  the  main  water  and  steam 
pipes  In  a  proper  manner,  and  subject  to  the  orders  of  tbe  Superintendent. 
He  will  also  make  any  alterations  In  water  and  steam  pipes  required  for  the 
tests,  rurnlsblng  all  tools,  piping,  coclis,  and  mechanical  labor  at  his  own 

Art.  3.  (Space.)  Each  exhibitor  will  be  furnished  with  space  at  the  regu- 
lar rates  established  for  the  exhibition,  In  which  apace  he  must  build  his 
foundations  and  boiler  setting,  and  make  connection  with  the  chimney 
flue,'lf  required,  at  his  own  cost,  and  subject  to  the  approval  of  the  Supers 
Intendent. 

Art.  4.  ( 8 pecifl cations.)  Each  exhibitor  must  furnish  to  the  Chairman 
of  the  committee  ofjudges  on  steam  boilers,  such  description  and  drawing, 
t>oth  of  the  boiler  in  position  and  of  the  details  of  the  boiler,  as  will  facili- 
tate the  iaixir  of  that  committee,  together  with  bis  claims  as  to  meritorious 
points  for  his  exhibit 

Tbe  following  points  will  have  special  consideration  : 

1.  Economy  of  fuel. 

2.  Economy  of  material  and  labor  of  Construction. 

3.  Evaporative  power.    (Space  occupied.) 

4.  Simplicity  and  accessibility  of  parts. 

5.  Durability  of  whole  structure. 

Exhibitors  desiring  a  competitive  test  made,  must  agree  upon  a  rating  for 
these  points  before  it  will  be  made. 
Exhibitors  must  also  file  the  following  data : 
Area  of  heating  surface  to  the  nearest  hundredth  of  a  foot. 
Area  of  grate  surface  to  the  nearest  hundredth  of  a  foot. 
Area  of  calorimeter  to  the  nearest  hundredth  of  a  foot. 
Area  of  chimney  flue  to  the  nearest  huudredtli  of  a  foot. 
Height  of  chimney  required. 

Number  of  pounds  of  coal  per  square  foot  of  grate  to  be  burned  per  hour. 
Should  the  calculations  of  the  comnilttee  of  judges  differ  in  result  from 


those  of  the  exhibitor,  he  will  be  required  to  give  all  the  details  of  his  calcu- 
laUons,  and  an  agreement  must  be  reached  iKfore  proceeding  with  the  test. 


BECTION  II.— PRKPARATI0N8  FOB  THE  TESTS. 

Art.  6.  (Coal).  Anthracite  coai  will  be  used  and  will  be  lurniehed  free  of 
charge,  provided  the  steam  made  Is  used  for  the  general  purposes  of  the 
ExhlblUou. 

The  same  quality  and  s|ze  of  coal  will  he  used  In  all  the  tests,  UDless 
special  arrangements  be  made  for  another  kind  of  fuel. 

An  analysis  will  l>e  made  of  the  coal  used.  The  coal  will  tie  weighed  to 
the  boiler. 

Art.  6.  (Water).  The  water  used  will  be  taken  from  the  city  maluB. 
The  feed  water  for  the  boilers  will  be  weighed  by  means  ot  scales  and  a 
large  tank,  and  will  be  run  into  a  smaller  suppleiueutat  tank,  from  which 
it  will  be  pumped  into  the  tmller  by  means  of  a  feed  pump  actuated  by 
steam  from  the  boilers. 

The  temperature  of  tbe  feed  water  will  be  tatien  by  means  of  a  standard 
thermometer,  In  the  supplemental  tank. 

Art.  T.  (Pressure.)  The  steam  pressure  used  shall  not  exceed  ninety 
pounds  per  square  inch  by  the  guage,  unless  by  special  arrangement  with 
the  committee  of  Judges. 

A  standard  guage  will  be  used  and  also  a  standard  thermometer  immersed 
In  a  mercury  pocket  In  the  steam  space. 

Art.  8.  (Safety  Valve.)  The  safety  valve  will  be  set  to  blow  off  at  ten 
pounds  above  the  pressure  fixed  npon. 

Art.  fl.  (Leaks.)  Within  twenty-four  hours  preceding  the  test  of  a  boiler. 
It  must  be  subjected  to  hydraulic  pressure,  teu  pounds  greater  than  its 
steam  pressure  during  the  test,  and  proved  to  be  perfectly  tight. 

Art.  10.  (Altendaut«.)  The  attendants  In  charge  of  tbe  Ixilier  tested  must 
be  approved  by  the  party  whose  boiler  is  tested  and  by  the  Judges.  All 
attendants  are  to  b«  subject  to  (he  orders  of  the  Judges  during  tbe  progress 
of  the  test. 

Art.  11.  (Ashes.)  All  ashes  will  l>e  weighed  on  belug  withdrawn  from 
the  ash  pit,  and  must  not  he  damped  until  weighed. 

Art.  12.  (Calorimeters.)  The  calorimeters  used  will  consist  of  a  barrel, 
scale  and  hand  thermometer.  Two  calorimeters  will  be  used  and  simul- 
taneous observations  made  at  fifteen  minute  intervals. 

Art.  13.  (Fires.)  The  exhibitor  shall  be  allowed  one  day  previous  to  the 
test  to  clean  boilers  and  grates. 

The  steam  having  reached  the  required  pressure,  the  ash  pit  shall  be 
thoroughly  cleaned  and  swept,  and  thereafter  the  fire  maintained  as  nearly 
uniform  as  possible,  tbe  test  closing  with  the  same  depth  and  Intensity  of 
fire  as  It  opened. 
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Tbii  point  is  to  be  d'cided  by  the  Judges  who  may  make  allowance  if  it 
be  clearly  shown  to  bave  been  impoeible  to  maiataiu  uniform  flree.  ' 

If  in  tbe  Judgment  of  the  committee  of  judges  the  firing  is  inefflcientiy 
or  improperly  done,  the  [test  may  be  terminated  at  any  time,  and  a  repe- 
titloD  of  tbe  t«et  refused. 

Art.  14.  (Pyrometer.)  Tbe  temperature  ol  (be  gases  of  combustion  imme- 
diately upon  entering  the  chimney  flue  shall  be  taken  by  means  of  a  suit- 
able pyrometer,  read  at  fifteen  minutes  intervals,  aud  close  to  tbe  boiler. 

Abt.  16.  (Manometer  and  Barometer.)  The  vacuum  in  the  chimney  flue 
shall  be  taken  by  means  of  a  water  manometer  read  at  fifteen  minutes 
Interval.    A  t>an>me(er  will  be  read  simultaneously. 

Art.  16.  [Duration.)  Unless  otherwise  arranged,  the  teste  will  last  ten 
hours. 

Art.  17.  (Economy  and  Efllcieucy  of  the  Boiler.)  The  level  of  the  water 
in  the  boiler  and  the  ntate  of  tbe  Are  must  be  kept  as  nearly  constant  as 
possible  during  tbe  whole  of  the  trial. 

The  weight  of  the  water  In  the  boiler  for  each  one  iiuarte'r  of  an  inch,  on 
tbe  glass  water  guage,  will  be  carefully  determined  and  recorded  previous 
to  the  test,  and  proper  correction  for  unavoidable  changes  of  level  made. 

The  weight  of  water  fed  to  the  boiler,  subject  to  proper  corrections,  will  be 
multiplied  by  its  observed  thermal  value  as  steam.  From  this  product  the 
thermal  units  of  beat  brought  in  by  the  feed  will  be  subtracted. 

The  romainder  will  be  divided  by  nine  hundred  and  slxty-sIx  and  seven- 
hundredths  British  thermal  units,  giving  tbe  number  of  pounds  of  water 
evaporated  from  and  at  two  hundred  and  twelve  d^rees  Fahrenheit. 

This  latter  quantity  will  be  divided  by  the  weight  of  coal  burned,  less 
weight  of  dry  ashes,  giving  the  number  of  pounds  of  water  evaporated  per 
pound  of  combustible.  This  shall  be  taken  as  the  measure  of  the  efllcieucy 
of  tbe  boiler. 

The  nominal  horse-power  of  the  bolter  will  be  deduced  by  divldlug  the 
number  of  pounds  of  water  evaporated  At>m,  and  at  two  hundred  aud 
twelve  degrees  Fahrenheit  per  hour  by  thirty. 

Tbe  evaporative  power  of  tbe  boiler  will  be  determined  by  dividing  the 
normal  horse-power  of  tbe  boiler  by  tbe  number  of  cubic  feet  of  space  it 
occupies. 

The  space  occupied  by  a  boiler  and  its  appurtenances  will  be  regarded  as 
tbe  product  of  the  square  f^t  of  floor  space  occupied  by  Its  extreme  height 
iu  teet. 
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Methods  Used  in  Testing  Boilers. 

All  the  boilers  tested  by  this  coraniittee  were  located  Id  a  boiler- 
house  to  the  Dorth  of  the  exhibition  building  proper,  this  boiler-house 
being  open  to  the  weather  on  the  sides.  It  is  probable  that  (he  boilers 
would  have  shown  a  higher  efficiency,  had  the  boiler-house  been 
entirely  enclosed,  as  the  weather  was  quite  cold  during  part  of  the 
tests. 

The  methods  used  were,  as  nearly  as  possible,  the  same  for  each 
boiler,  and  are  given  in  detail  below. 


All  the  water  fed  to  the  boilers  during  the  tests  was  taken  from  two 
large  tanks,  each  holding  about  2,400  pounds  of  water,  when  full.  In 
starting  each  test,  the  water-level  in  the  boiler  was  noted,  and  all  water 
put  into  the  boiler  after  the  test  began  was  takeu  from  the  above- 
mentioned  tanks  which  were  alternately  weighed  and  emptied.  At 
the  end  of  a  test,  the  water-level  in  the  boiler  was  brought  to  the  same 
point  as  at  starting,  and  the  amount  of  water  left  in  the  tanks  weighed 
and  properly  accounted  for. 

The  3t«am  pumps  used  on  all  the  boiler  tests  worked  very  satisfac- 
torily, there  being  no  leaks  about  either  pumps  or  pipes. 

Before  testing  a  boiler,  a  joint  on  each  water  pipe  leading  to  the 
boiler  was  broken,  and  all  the  pipes  disconnected  excepting  the  one 
feeding  from  the  pump  used  in  testing. 


The  scales  used  for  weighing  feed  water  and  coal  were  of  Riehl^'s 
make,  and  those  used  for  the  calorimeters  were  partly  of  Fairbank'a 
and  partly  of  Biehlfe's  make.  All  the  scalejf  were  very  accurate  and 
were  checked  by  comparison  with  Fairbank'a  standard  weights  of  50 
pounds  each. 

TEMPERATURE   OF    FEED    WATER. 

The  temperature  of  all  water  fed  to  the  boilers  was  taken  at  intervals 
during  the  tests,  and  the  mean  of  these  temperatur&s  was  taken  as  the 
temperature  of  the  feed.  The  thermometers  used  were  made  by  J.  & 
H.  J.  Green,  of  New  York,  and  were  very  accurate. 
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The  coal  used  in  these  teste  was  purcha.se<]  at  diflerent  times  and  the 
size  was  as  desired  by  the  exhibitors  of  the  various  boilers.  All  coal 
was  weighed  in  barrows  and  allowance  made  for  all  that  was  nottised. 
The  coal  in  all  the  tests  was  as  it  came  from  the  dealer  and  was  slightly 
wet.  In  each  test  a  number  of  barrows  full  of  coal  were  dried  at  the 
temperature  of  the  air,  and  again  weighed,  but  no  appreciable  loss  of 
weight  was  perceptible.  In  the  test  of  the  Root  boiler,  the  floor  under 
the  coal  was  constantly  wet  from  water  from  the  calorimeters  used, 
but  the  greater  part  of  the  conl  used  was  in  the  same  condition  as  that 
used  in  the  other  tests, 

A  careful  analysis  of  the  coal  was  made  under  the  direction  of  Pro- 
fessor Samuel  P.  Sadtler,  from  samples  taken,  from  time  to  time,  during 
the  test  by  Mr.  Spangler. 


The  wood  used  was  such  as  liapfiened  to  be  most  convenient,  and 
was  not  all  of  the  same  kind,  but  the  amount  used  was  so  small  in 
comparison  with  the  total  amount  of  fuel,  that  the  same  allowance  was 
made  in  each  caiw  for  the  relative  values  of  coal  and  wo<mI. 


All  ashes  were  weighed  dry,  and  at  the  end  of  the  test  the  fire  was 
drawn,  and  where  any  unburnt  coal  came  from  the  furnace,  it  was 
credited  to  the  coal  account,  the  remainder  was  charged  to  the  ash 
account. 

In  the  case  of  the  Dickson  boiler,  the  ashes  were  very  wet  as  they 
were  drawn  from  the  ash  pan,  as  the  steam  blower  disi^hat^ed  directly 
into  the  ash  pan.  A  number  of  barrows  of  ashes  were  weighed  and 
the  percentage  of  moisture  was  calculated  from  the  weight  after  dry- 
ing, and  due  allowance  made  for  the  same  in  the  ash  account. 

BAROMETER. 

The  readings  of  the  barometer  were  taken  from  the  observations 
made  by  the  United  States  Signal  Service  in  Philadelphia,  during  the 
time  of  the  tests. 


3d  by  Google 


TUERUOMETER. 
Tlie  temperature  of  the  air  was  taken  from  the  same  source  and 
agreed  very  closely  with  that  takeo  during  the  tests. 

STEAM    PRE&ei'RE. 

The  steam  gauge  used  on  the  tests  wa9  furuishetl  by  the  Crosby 
Steam  Gauge  and  Valve  Company.  One  of  these  gauges  was  tested 
by  Thomas  Shaw,  of  Philadelphia,  with  a  mercury  column  for  every 
five  pounds  from  0  to  120  pounds,  both  ascending  and  descendiog. 

Before  and  after  each  test  the  gange  used  on  the  boilers  was  carefully 
compare<l  with  this  standard,  both  ascending  and  descending  through- 
out the  range  of  pressure  used  on  the  tests.  The  gauges  were  very 
accurate  and  agreed  as  well  at  the  end  as  at  the  beginning  of  the  set 
of  tests.  Readings  were  taken  at  freqnent  intervals,  and  the  mean  of 
these  readings  taken  as  the  mean  pressure  of  the  steam. 

In  addition  to  the  Crosby  gauge  nsed,  an  Edsou  Recording  Gauge 
was  attached  to  each  boiler  as  it  was  tested,  and  records  made  during 
the  entire  test.  The  indication's  of  this  gauge  were  accurate  and 
reliable,  but  the  clockwork  requiretl  frequent  adjusting  to  keep  the 
recording  slip  moving  at  a  uniform  siieed.  The  alarm  attached  to  the 
gauge  was  not  n^^d. 

TEMPERATURE  OF  THE  STEAM. 

A  lai^  monitor  tliermonieter  was  nsed  for  indicating  the  tempera- 
ture of  the  steam.  It  was  screwed  into  the  steam  space  of  the  boiler, 
and  its  indications  nole<l  from  time  to  time.  These  thermometers  were 
a  little  slow  in  acting,  as  there  was  a  considerable  body  of  iron  and 
mercury  to  change  in  temperature,  but  the  indicationj  are  considered 
very  reliable. 

TEMPERATl-RE  OF  SMOKE-STACK, 

In  ilelermining  this  temperature  a  monitor  thermometer  was  inserted 
in  the  smoke-stack,  just  back  of  the  damper  in  the  Root,  Baldwin, and 
Harrison  boiler,  and  at  the  bottom  of  the  smoke-pipe  in  the  Dickson 
boiler.  It  was  not  practicable  in  all  cases  to  put'  the  thermometer  in 
vertically.  In  the  Harrison  test  it  was  vertical;  in  the  Dickson  test 
it  was  inclined  at  an  angle  of  about  30  degrees  to  the  vertical ;  and  in 
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the  Root  and  Baldwiu  tests,  the  thermometer  was  inclined  about  10 
d^rees  from  the  horizontal.  The  bulb  of  the  thermometer  was  put 
as  near  as  possible  into  the  centre  of  the  flue,  while  the  stem  projected 
into  the  air.  The  openings  into  the  flue  around  the  thermometer  were 
carefully  closed  so  that  no  air  conld  enter.  Readings  were  taken  as 
often  as  practicable  from  these  thermometers,  and  the  mean  of  tlie 
readings  taken. 

KRAFT   IN    CHIMNEY. 

A  number  of  devices  were  used  for  measuring  the  draft  in  the 
chimney.  That  used  on  the  Root  boiler  was  sii^eated  by  Professor 
Lanza,  and  was  the  design  of  Mr.'  Fisher,  of  the  Massachusetts 
Institute  of  Technology.  It  consisted  of  two  chambers  o  and  b,  Fig. 
1,  each  covered  by  a  rubber  diaphragm  c  and  <f.     The  interior  of  the 


chamber  a  is  connected  with  the  interior  of  the  chimney  by  means  of  a 
pipe  e,  supplied  with  a  three-way  cock  so  that  the  interior  of  a  can  be 
connected  with  the  chimney  or  with  the  air.  The  interior  of  b  is  con- 
nected by  means  of  a  pipe  to  a  vertical  glass  tube/,  open  at  the  top. 
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The  chamber  b,  the  glass  tube/,  and  the conoecting  pipe  are  filled  with 
water,  the  air  being  entirely  excluded.  The  chamber  b  and  all  its 
attachraeots  are  carried  on  the  annular  ring  g,  which  holds  the  rubber 
diaphragm  of  o  in  place.  To  the  centre  of  the  diaphragm  c  two  plat«8 
k,  h,  are  attached  which  support  a  vertical  roil  k.  This  rod  screws 
into  a  cross-head  I.  To  the  diaphragm  of  A  a  similar  cross-head  wi  is 
attached  in  the  same  way,  and  these  two  cross-heads  are  connected  by 
means  of  two  side  rods,  only  one  of  which,  n,  is  shown.  The  whole 
apparatus  rests  on  a  base  board  o,  which  carries  a  vertical  piece  j)  to 
which  a  paper  scale  graduated  in  inches  is  attached.  The  method  of 
using  the  ap[>aratus  is  as  follows :  The  three  way  cock  in  e  being 
turned  so  that  a  is  in  communication  with  the  air,  the  reading  of  the 
scale  opposite  the  head  of  the  water  column  ia  noted.  The  three-way 
cock  is  turned  so  that  the  inside  of  a  is  connected  with  the  chimuey, 
and  the  readii^  of  the  top  of  the  column  in  f  is  again  noted,  and  the 
difference  between  the  readings  is  cause«I  by  the  difference  in  pressure 
inside  and  outside  the  chimney.  This  diffei'cncc  divided  by  the  ratio 
of  the  areas  of  the  chambers  a  and  b  is  the  vacuum  in  the  chimney  in 
inches  of  water. 

Comparison  was  made  between  this  apjiaratus  and  the  one  referred 
to  as  the  invention  of  Professor  Webb,  and  the  two  methods  were 
found  substantially  to  agree. 

As  the  Webb  apparatus  was  more  convenient,  the  one  just  described 
was  used  only  on  the  Root  boiler. 
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In  testing  the  other  boilers  the  following  described  apparatus,  the 
invention  of  Professor  J.  Burkitt  Webb,  a  member  of  the  Committee, 
was  used. 

It  consisted  of  an  inverted  funnel-shaped  vessel,  a,  Fig,  2,  whose 
interior  is  connected  through  the  pipe  b  to  the  chimney.  A  piece  of 
gas  piping  was  put  into  the  chimney  and  connected  directly  to  the 
pipe  b.  The  ^  e,  had  one  end  closed  by  a  plug,/,  so  that,  if  desired, 
the  interior  of  the  funnel  a  could  be  connected  to  the  air.  The  funnel 
a  and  pipe  6  were  suspended  over  a  board,  c,  having  a  circular  groove, 
d,  cut  into  its  upper  face.  This  board  rested  on  a  pair  of  Fairbanks' 
scales  weighing  to  ounces.  The  groove  d  was  filled  with  mercuty  and 
the  edge  of  a  dipped  into  this  mercury. 

The  method  of  asing  the  apparatus  was  as  follows:  The  plug  / 
being  removed,  the  scales  were  balanced  ;  the  plug  was  then  replaced, 
and  6  being  connected  to  the  chimney,  the  scales  were  balanced  again 
and  the  difference  or  loss  of  weight  noted.  The  loss  of  weight  divided 
by  the  area  of  the  mouth  of  a  is  the  loss  per  square  inch,  and  represents 
the  difierence  in  pressure  inside  and  outside  the  chimney,  and  this 
multiplied  by  1'728  gives  the  corresponding  draft  in  inches  of  water. 
The  apparatus  worked  very  satisfactorily  and  the  results  are  very 
reliable. 

QUALITY    OF  STEAM. 

One  of  the  most  difhcult  subjects  presented  to  the  C'ommittee  was 
the  quality  of  the  steam  generated,  and  we  do  not  think  the  results 
obtained  are  to  be  implicitly  trusted.  The  data  was  taken  as  carefully 
as  could  be,  but  the  imperfections  of  the  apparatus  were  such,  that  it  is 
a  matter  of  much  doubt  as  to  how  much  reliance  can  be  placed  on  the 
results. 

There  were  a  number  of  devices  presented  to  the  Committee  for  use 
and  discussed  in  their  meetings,  and  the  three  following  described  were 
adopted  and  used  in  the  tests. 

It  will  be  noticed  that  two  different  methods  of  testing  the  quality 
of  the  steam  from  each  boiler  were  employed,  except  in  the  case  of 
the  Baldwin  boiler,  and  the  results  vary  so  much  that  no  conclusions 
can  be  drawn  as  to  the  degree  of  accuracy  of  either. 

While  it  may  be  considered  that  the  apparatus  giving  the  most  reg- 
ular results  is  most  to  be  depended  upon,  I  am  satisfied  that  the  con- 
ditions in  the  best  boiler  are  such  that  the  quality  of  the  steam  must 
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be  very  variable,  and  it  is  doubtful  whether  a  mean  result  is  a  aatis- 
iaetory  oiie  or  not. 

The  entire  subject  requires  mucb    more  investigation   than  your 
Coramittee  had  the  time  to  undertake. 


BARREL  CALORIMETER. 

One  apparatus  used  for  testing  the  quality  of  the  steam  was  an 
ordinary  barrel  resting  on  Riehle's  scales.  A  quantity  of  water  vras 
put  into  the  barrel  and  its  weight  noted.  Just  before  making  the 
experiment,  the  temperature  of  the  water  was  noted.  A  steam  pipe 
from  the  boiler  led  down  to  within  a  short  distance  of  the  Ijarrel  and 
was  covered  with  felting.  To  the  end  of  this  pipe  a  short  lengtli  of 
hose  was  attached.  Everything  being  ready  for  the  experiment,  the 
steam  was  turned  on  the  liose  and  allowed  to  blow  into  the  air  until 
apparently  dry  steam  showed  at  the  end  of  the  hose.  This  end  was 
then  put  into  the  barrel  and  the  temperature  of  the  water  allowed  to 
rise  from  JO  to  20  degrees,  the  water  being  constantly  agitated.  The 
hose  was  then  taken  out  and  the  temperature  of  the  water  in  the  bar- 
rel noted.  The  weight  was  tlien  taken  and  the  pressure  of  steam 
during  the  experiment  noted.  From  this  data  the  quality  of  the  steam 
was  calculated. 

In  making  the  calculations,  allowance  was  made  for  the  water 
equivalent  of  the  barrel  used.  The  barrel  l>eing  partly  filled  with 
water  to  the  level  used  in  the  experiments  and  its  temperature  noted, 
a  quantity  of  warm  water  of  known  temperature  was  added  and  the 
resulting  temperature  noted.  Knowing  the  weights  of  water  used, 
the  equivalent  of  the  barrel  was  found  as  follows :  Multiply  the  added 
weight  of  water  by  the  number  of  heat  units  lost  by  the  warm  water 
and  divide  by  the  heat  units  gained  by  the  cold  wat«r.  This  quotient 
leas  the  weight  of  cold  water  in  the  barrel  is  the  water  equivalent  of 
the  barrel. 

Allowing  the  water  to  remain  in  the  barrel  for  thi-ee  minutes  made 
no  appreciable  change  in  tlie  temperature,  showing  that  there  was  but 
little  loss  from  radiation  during  each  experiment,  which  did  nut  gene- 
rally last  over  two  minutes. 

The  following  formula  was  used  in  making  the  calculations  from 
data  derived  while  using  this  apparatus,  and  an  examination  of  the 
results  will  show  that  they  vary  surprisingly. 
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m  =  weight  of  cold  water  plus  water  equivalent  of  l)arrel. 

g  =  heat  units  corresponding  to  temperature  of  cold  water,  counting 
from  32°  F. 

ffi  ^  heat  units  corresponding  to  temperature  of  the  mixture,  count- 
ing from  32''F. 

H^  heat  units  (latent)  corresponding  to  the  temperatui-e  and  pressure 
of  steam. 

fft  5=  heat  uaits  (sensible)  corresponding  to  the  temperature  and  pres- 
sure of  the  steam,  counting  from  32°F. 

lOj  =  weight  of  water  and  steam  added. 

f  =  water  contained  in  v>,. 


p=l  +- 
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The  numerical  quantities  used  in  malcing  these  calculations  were 
(akeo  fn.>n)  Rontgen's  "  Thermodynamics  "  (DtiBois'  translatiun),  and 
are  substantially  the  same  as  other  tables  derived  from  the  same 
source,  and  were  used  because  they  were  familiar  to  tlie  young  men 
making  the  calculations. 
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The  second  apparatus  used  was  on  the  same  general  priociple,  and 
only  dilTered  from  the  first  in  matters  of  detail.  It  is  shown  in  Fig. 
3.  a  represents  a  tin  tank,  high  in  proportion  to  its  diameter,  and 
heavily  covered  with  felt  and  canvas.  A  tin  cover,  6,  fitting  over  this 
tank,  had  an  opening  in  its  centre  for  admitting  steam  or  cold  water, 
c  is  the  pipe  from  the  boiler,  braoching  at  the  three-way  cock  d. 
One  branch  goes  down  into  the  tank  a,  and  has  the  rose  e  at  its  lower 
end.  The  other  branch  terminates  in  the  rose/,  in  the  tank  g,  whicli 
is  kept  partly  filled  with  water,  k  is  the  drain-pi|>e  and  valve  for 
emptying  a.  The  method  of  operating  the  calorimeter  is  as  follows : 
The  weight  of  the  tank  a  is  taken.  It  is  theii  partly  filled  with 
water,  and  the  weight  and  temperature  is  noted.  Steam  being  off 
the  pipe  c,  the  three-way  cock  d  is  turned  so  that  c  and  /  are  in 
communication.  Steam  is  now  turned  on  c  and  passes  into  the  water 
in  g.  As  soon  as  the  pipe  is  heated  and  clear  of  any  condensed  water, 
the  three-way  cock  d  is  turned  and  the  steam  allowed  to  pass  into  a. 
As  soon  as  a  suflScieut  quantity,  say  10  pounds,  has  pa-ssed  into  a,  the 
three-way  cock  is  turned  into  its  original  position  and  steam  is  shut 
off  e.  h,  h  is  an  annular  ]^rforated  plate,  having  two  bandies  extend- 
ing through  the  cover  b,  and  is  used  to  thoroughly  mix  the  water  in  a. 
The  temperature  is  now  taken  and  also  the  weight  of  the  tank  and  its 
contents.  The  prei^sure  of  the  steam  is  noted,  and  the  experiment  is 
ended.  The  water  equivalent  of  the  tank  is  determined  as  for  the 
simple  barrel,  and  the  calculations  are  made  in  the  same  way  as  before. 

When  this  and  the  previous  method  were  used  at  the  same  time, 
the  results  entirely  disagreed. 

The  third  method  used  was  one  devised  by  Mr.  Barrus,  a  member 
of  the  Committee  on  Steam  Engines,  and  was  used  on  both  boiler  and 
engine  tests. 

Fig.  4  is  a  sketch  of  the  apparatus.  It  consisted  of  a  wooden  ves- 
sel, o,  mounted  on  a  frame  at  the  proper  height  for  use.  Inside  this 
vessel  were  two  partitions,  so  that  any  water  passing  from  the  centre 
of  the  vessel,  mast  jiass  over  one  and  under  the  second.  In  the  centre 
of  the  vessel  was  a  vertical  cylinder,m,  which  confined  the  coldest  con- 
densing ivater  to  the  centre  of  the  apparatus.  The  condensing  water 
passed  down  the  pipe  a,  through  a  valve  by  which  the  quantity 
was  regulated,  and  into  the  cylinder  m,  out  at  the  bottom  of  m,  and 
out  through  c.  The  pipe  j  was  connected  directly  to  the  boiler  or 
steam-pipe  from   which  the  steam  was  to  be  taken.     Below  the  globe 


valve  is  shown  a  branch-pipe,  forming  a  gauge  siphon.  Below  the 
vessel  o,  there  is  attaciied  to  the  main  pij)e  a  glass  water-gauge,  e,  and 
below  this  there  was  a  globe  valve,  d,  which  regulated  the  dischai^e  of 
the  condensed  steam.  A  short  piece  of  hose  was  attached  and  the  con- 
densed water  was  drawn  off  into  two  buckets  set  on  accurate  pairs  of 
Fairbanks'  balances.  These  buckets  were  partly  filleil  with  cold  water 
and  their  weights  were  taken.  A  quantity  of  the  condensed  water 
was  run  into  one,  and  before  the  temperature  had  risen  to  100°F.,  the 
hftse  was  moved  to  the  other  bucket.  The  weight  of  the  bucket  of 
warm  water  was  uoted  and  the  diiference  of  the  weights  is  the  weight 
of  the  oondensed  steam.  The  bucket  was  emptied  and  partly  filled 
with  cold  water  again. 
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The  condensing  water,  after  pa.'^ing  o,  emptied  into  a  tank,  which 
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was  supported  over  two  barrels.  The  water  could  be  directed  into 
either  at  will.  The  barrels  were  weighed  empty  and  full,  aud  the 
difference  taken  as  the  weight  of  the  condensing  ^vater. 

The  temperature  of  the  condensing  water  was  taken  at  /,  before  going 
into  0,  and  at  g,  after  doing  its  work.  The  temperature  of  tlie  con- 
densed water  was  taken  at  c,  and  the  temperature  of  the  live  steam 
was  taken  from  the  corres|>onding  pressure. 

The  method  of  operating  the  apparatus  was  as  follows : 

One  barrel  under  o  was  empty  and  its  weight  known,  and  one 
bucket  was  partly  tilled  with  cold  water  and  its  weight  kuown. 
Any  water  passing  through  c,  flowed  into  the  unweighed  barrel  and 
was  allowed  to  escape  through  a  valve  at  the  bottom.  The  small  hose 
attached  below  d,  dischai^es  into  the  air.  The  thermometers  and  gauge 
being  in  pluce,  the  valves  b  and  c  were  opened  wide  and  water  allowed 
to  flow  through  m.  The  steam-valve  was  then  opened  and  steam 
allowed  to  condense  in  the  pipe,  the  valve  d  being  closed.  As  soon  as 
the  water  got  to  a  determined  level  in  the  pipe  and  in  e,  the  valve  d 
was  opened  sufficiently  to  allow  as  much  water  to  escape  as  was  con- 
densed. The  steam  valve  was  opened  wide  and  the  supply  of  cold  water 
was  r^nlated  by  the  valve  b,  until  the  desired  difTerence  of  tempera- 
ture between  A  and  g  was  obtained.  The  level  of  the  water  iu  e 
should  be  maintained.  This  being  the  case,  the  water  at  c  was  turned 
into  the  weighed  barrel,  and  the  hose  from  d  put  into  the  bucket  con- 
taining the  weighed  quantity  of  water. 

Readings  of  the  gauge  and  thermometers  were  taken  every  five 
minutes  during  the  tests. 

While  the  barrel  aud  bucket  were  filling,  the  others,  which  we  will 
call  2,  were  being  prepared.  Barrel  2  had  the  valve  at  the  bottom 
closed,  and  was  weighed.  Bucket  2  was  partly  filled  with  water,  aud 
weighed. 

Bucket  1  being  filled,  the  hose  was  turned  into  No.  2,  and  Xo.  1 
was  weighed,  emptied,  and  again  filled  with  cold  water,  and  weighed. 
The  difference  between  the  first  two  weighings  of  bucket  1  is  the 
amount  of  condensed  water. 

Barrel  1  being  filled,  the  water  from  c  was  turned  into  barrel  2. 
Barrel  ]  was  weighed,  emptied  wholly  or  in  part,  and  was  again 
weighed.  The  difference  between  the  first  two  weighings  of  barrel  1 
is  the  amount  of  condensing  water  used.     When  it  is  desired  to  eiid 
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the  experiment,  the  barrel  aud  bucket  in  use  should  be  changed  at  the 
same  instaot,  and  weighed,  and  the  steam  closed  off. 

One  point  to  be  particuUrly  guaided  against  is  the  blowing  of  live 
steam  into  the  buckets,  as  in  that  case  the  water  in  the  buckets  becomes 
part  of  the  condensing  water,  and  no  provision  is  made  for  such  a  oon- 
tiDgency. 

The  calculations  were  made  in  the  following  way :  The  total  amount 
of  condensing  aud  condensed  water  was  determined.  The  average  of 
the  readings  of  thermometers  and  gauge  was  found. 

Using  the  same  nomenclature  as  before,  with  the  following  addition 
and  change,  the  quantity  of  moisture  was  determined  by  the  following 
formula.  ' 

^i  =  heat  units  corresponding  to  temperature  of  condensiug  water 

after  passing  through  calorimeter,  counting  from  32°. 
g^  =■  heat  units   conc?|ionding  to  temperature  of  condensed   steam, 
counting  from  32°, 

f  =  '^  +  -g   ■{  (ff*  —  ft)  —  ~  (ffi  —  </)  } 

QUALITY  OF  GASES  OP  COMBUSTIOX. 

The  api>aratU3  used  for  making  these  tests  was  loaned  by  Professor 
Denton,  and  a  sketcli  of  it  is  given  in  Fig.  5, 

The  entire  apparatus  is  mounted  on  a  frame,  so  that  it  can  easily 
be  moved  from  place  to  place.  It  consists  of  two  glass  tubes,  a  and  b, 
each  of  about  120  cubic  centimetres  capacity,  joined  together  by  means 
of  the  necks  d  and  /  connected  by  a  piece  of  rubber  tubing  x. 

The  neck  of  b  extends  vertically,  and  has  a  stop  cock  c  above  the 
connection  with  d,  and  above  this  the  tube  is  tapered  and  ground  to 
form  a  seat  for  the  funnel  m.  To  the  bottom  of  a  is  attached,  by 
means  of  a  rubber  cork,  a  piece  of  glass  tubing  i,  to  which  is  attached 
a  piece  of  rubber  tubing,  leading  to  the  bottle  it.  To  the  bottom  of  b 
a  similar  attachment  is  made,  the  only  dilTerence  being  that  in  the 
tube  g  a  two-way  stop  cock  h  is  fitted. 

One  opening,  shown  at  8,  opens  downwards,  so  that  the  contents  of 
b  can  be  emptied  without  passing  into  I.  The  oilier  opening  b  directly 
through  the  cock,  and  connects  b  and  L  n  is  a  small  barrel  having  a 
pipe  and  valve  o  for  filling  it  \vith  water,  q  a  pipe  and  valve  for 
emptying  it,  and  p,  a  piece  of  gas  piping  with  cock,  the  uses  of  which 
will  be  explained. 
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The  method  of  using  the  apparatui^  and  making  the  tests  is  as  fol- 
lows: 

The  top  of  the  tube  b  above  c,  is  connected  with  the  chimney 
whose  gases  are  to  be  analyzed.  The  tubing  connecting  g  and  I  is 
removed,  and  g  and  p  are  connected  by  means  of  tubing.  The  bottle, 
it,  being  filled  with  water,  is  raised  until  the  water  runs  throng  d,  e 
being  open,  and  fills  cf  to  its  connection  with  b.  The  cock  e  b  then 
closed,  and  k  is  lowered  to  its  original  position. 

The  pipe  o  is  connected  with  a  hydrant,  q  is  closed,  the  cock  in  p 
is  opened,  c  is  opened,  and  h  is  put  in  such  a  position  that  b  and  n  are 
in  communication.  Water  is  allowed  to  run  from  the  hydrant  until  n, 
b  and  the  pipe  connecting  with  the  chimney  are  filled  with  water,  o  is 
then  closed,  and  q  is  opened.  The  water  flows  back  through  b,  and 
the  chimney  gas  follows.  After  sutScient  gas  has  been  allowed  to  pass 
through  b,  the  cocks  c  and  h  are  closed. 


The  tubing  connecting  b  and  the  chimney,  and  that  connecting  q 
and  p,  are  taken  off,  and  the  bottle  I  is  again  attached  to  g. 
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A  certain  volume  of  the  chimuey  gas  is  now  confiDed  in  6,  and  the 
apparatus  cao  be  moved  to  any  convenient  place  for  fiirther  work. 
The  cock  c  being  closed,  e  and  h  are  opened,  and  the  ^vater  is  allowed 
to  flow  back  into  k  until  a  certain  quantity,  say  100  cubic  centimetres, 
of  the  gas  is  in  a.  The  cock  e  is  closed  and  the  gas  allowed  to  assume 
the  temperature  of  the  air.  The  cock  h  is  turned  so  that  b  can  be 
washed  out,  c  is  opened  and  the  funnel  m  put  on ;  6  is  washed  out 
and  filled  with  clear  water  from  I,  the  oock  h  being  again  turned  and  o 
being  closed ;  h  is  now  raised  until  the  level  of  the  water  in  a  and  h 
is  tbe  same,  and  the  reading  of  the  scale  on  a  is  noted. 

In  the  apparatus  used,  tlie  volume  was  divided  into  cubic  centime- 
tres, beginning  at  the  cock  e,  but  any  division  into  equal  volumes 
would  do  equally  well,  and  it  is  not  at  all  necessary  that  100  cubic 
centimetres,  or  100  equal  parts,  should  be  used  in  the  calculations. 

The  volume  in  a  being  noted,  th6  cock  «  is  opened,  h  being  already 
so,  and  the  gas  is  passed  back  into  b. 

The  cock  e  is  closed.  The  funnel  m  is  partly  filled  with  caustic 
potash,  the  cock  A  is  closed  and  the  cock  c  is  opened  until  the  greater 
part  of  the  caustic  potash  lias  passed  into  6 ;  c  is  now  closed,  e  is  opened 
and  the  gas  again  passed  into  a,  where  its  volume  is-  again  noted,  the 
level  of  the  liquid  in  o  and  k  being  the  same.  As  the  caustic  potash 
has  absorbed  all  the  carbonic  acid  (CX),)  in  the  gas,  the  difiei-ence  in 
readings  already  taken  is  tlie  volume  of  carbonic  acid  in  the  gas.  The 
The  tube  6  is  washed  out  and  the  process  is  repeated,  using  pyi-ogallic 
acid  in  caustic  potash,  and  copper  chloride  in  liydrochloriu  acid.  The 
first  of  these  removes  the  oxygen,  and  the  last  the  carbonic  oxide 
(CO). 

To  determine  the  amount  of  air  present  per  pouud  of  carbon,  add 
tf^ether  the  volume  of  O  and  CO  and  twice  the  volume  of  CO^. 
Divide  by  the  sum  of  the  volumes  of  CO  and  COj,  and  ^  the  quotient 
is  the  weight  of  oxygen  present  per  pound  of  carbon.  This  result 
divided  by  '23  is  the  weight  of  air  used  per  pound  of  carbon,  and  this 
result  divided  by  the  percentage  of  carbon  in  the  coal  is  the  weight  of 
air  used  per  pound  of  coal. 


MAKING  THE  TESTS, 

In  making  the  boiler  tests,  steam  was  first  raised  to  the  working 
pressure  in  each  boiler,  and  the  fires  were  then  hauled.    All  wood  and 
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coal  used  thereafter  was  weighed,  and  at  the  end  of  the  test  the  fire 
was  hauled,  and  any  unbiirnt  coal  credit^  to  the  boiler, 

Wat«r  in  the  boiler  was  carried  as  nearly  as  possible  at  one  height, 
and  at  the  end  of  tlie  test  was  brought  back  to  the  same  level  as  at  the 
banning  of  the  test, 

DURATION  OF  THE  TESTS. 

Each  teat  lasted  36  hours,  except  in  the  e-.iae  of  the  Baldwin  boiler, 
where  the  test  was  terminated  at  the  end  of  24  hourti. 

The  following  are  the  results  of  the  different  tests,  together  with 
the  results  derived  from  the  observi-d  data. 


HOOT    BOILER, 

Before  testing  this  boiler,  (Fig.  6,)  the  back  was  boarded  up.  No 
other  preparations  were  made  for  the  test  except  cleaning  the  boiler 
the  day  before. 

Ordinary  care  was  taken  with  the  fires,  and  the  boiler  was  treated 
as  in  ordinary  use. 

Fires  were  started  at  2.15  A.M.,  October  2,  and  as  soon  as  the  pres- 
sure of  steam  to  be  carried  was  reached,  tires  were  hauled,  and  again 


started  at  3.25  A.M.,  with  a  weighed  quantity  of  wood  ami  coal. 
3.25  P.M.,  October  3,  fires  were  hauled  and  the  test  concluded. 


BOILER  MADE  BY  ABENROTH  A  ROOT  MANUFACTDBINO  COMPANY. 

Rated  horse-power 150. 

Area  heating  eurfiice. 

HavtBg  water  on  one  aide =  1440  square  feet. 

Having  Bteant  on  one  aide =  360  square  feet 

Total =  1800  square  feet. 

Area  of  grate =  50  square  feet. . 

Steam  space  (approximate) =  76-6  cubic  feet. 

Height  of  emoke  stack =  44  (feet  6  Incbea. 

Size  of  stack =  SO  by  30  inches. 

Hmeof  test _  =  86  hours. 

Water  evaporated  in  boiler =  184937'3  pounds.  - 

Mean  temperature  of  feed  water =:  Tl'6  degrees  F. 

Total  weight  of  wood  used =  2ei'6  pounds. 

Total  weight  of  coal  used =  18021-5  pounds. 

Total  weight  of  asbee =  2868-75  pounds. 

Percentage  of  cartx>n  in  coal =  76'52. 

Mean  temperature  of  air  during  teat ~ =  57-0  degrees  F. 

Mean  barometer =  30-323  inches. 

Mean  pressure  in  boiler =^  91-41  pounds. 

Mean  temperature  of  steam =  341-32  degrees  F. 

Mean  temperature  of  smoke  stack =  SaOM  d^rees  F. 

Mean  draft  in  chimney  in  inches  of  water =  -7- 

Tlme  during  which  blower  was  in  use =  16  hours. 

Mean  pressure  in  boiler  pipe =  1-16  Inches. 

Uean  area  of  blower  pipe  open =  49-83  square  <lnches. 

Mean  pounds  of  air  per  pound  of  cartion =  16'83. 

The  quality  of  steam  from  the  calorimeter  tests  has  not  been  deter- 
mined, as  the  ivant  of  agreement  in  the  two  sets  of  tests  make  the 
resalts  unantiafactory. 


The  following  gives  the  number  of  heat  units  in  one  pound  of 
steam  bj  both  the  apparatus  shown  in  Fig.  3,  and  by  using  the  plaJD 
barrel,  and  I  would  recommend  that  these  results  be  entirely  rejected, 
and  the  quality  of  the  steam  taken  as  from  the  temperature,  which 
would  make  in  this  case  9'37°  superheating. 

The  following  table  is  from  the  calorimeter  tests : 
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Oalliug  one  pound  of  wood  equal  to  '24  {)ound  of  coal  iu  heating 
effect,  the  total  equivalent  weight  of  coal  used  is  70  +  18021'5  ^ 
18091-5  pounds. 

The  percentage  of  ash  is  14'74,  while  as  showu  from  the  analysis 
made  it  is  14-52  per  cent. 

The  heat  givifig  power  of  the  fuel  is  determined  as  follows:  There 
being  75-52  per  cent,  of  carbon,  and  2-18  per  cent,  of  hydrogen  exclu- 
sive of  water,  the  equivalent  j>ercentage  of  carbon  is  75*52  +  4-28  X 
2-18  =  84*85  per  cent.,  and  the  amount  of  carbon  equivalent  to  the 
18091-5  iwunds  of  coal  is  ■8485X18091-5  =  15350-64  pounds  of 
carbon. 

To  change  oue  pound  of  water  at  71-6°  F.  to  steam  at  341-32°  F, 
requires  1 186-04  —  39-6=1 146-44  heat  units.  As  it  takes  966-07  heat 
UDits  to  change  one  pound  of  water  at  212°  F.  to  steam  at  212 ;  one 
pound  of  w^ter  from  71-6°  to  one  pound  of  steam  at  341-32°  requires 
the  same  amount  of  heat  as  M867  pounds  from  and  at  212°, 
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Pouads  of  wattr  evaporated  per  hour  uuder  the  conditions ^=  3T48'26 

Pounda  of  water  evaporated  per  hour  from  and  at  212'  F =  4448*0 

Pounds  of  coal  used  per  hour =   408*67 

Equivalent  pounds  of  carbon  used  per  hour =   428'4I 

Horee-power  of  boiler  (on  the  basts  of  30  pounds  of  water  from 

oDd  at  212°perhorse-iM>wer) - =  148-2T 

Founds  of  water  evaporated  |>er  pound  of  coal  under  the  condi- 
tions  =       7*9942 

Pounds  of  water  evaporated  per  pound  of  coal  from  and  at  212^..  =      9-4866 
Pounds  of  water  evaporated  per  equivalent  pound  of  carbon 

under  the  conditions =      8*7003 

Pounds  of  water  evaporated  per  equivalent  pound  of  carbon 

from  and  at  212="  F =      104313 

Amount  of  air  used  in  furnace  per  pound  of  coal  =  _  f^  =  2229  |x>unds. 


HARRISON    BOILER. 

The  test  began  at  U.25  A.  M.,  October  9,  1884,  in  the  same 
manner  as  described  for  the  Root  test.  At  12.57  P.  M.,  October  10, 
cleaned  boiler  by  means  of  steam  nozzle,  and  at  11.25  P.  M,,  OctoWr 
10,  fires  were  hauled  and  the  test  conehidecl. 
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Rating  of  boilers,  maauracturere 100  hotse-power 

Water  heating  surface M8-S4  sq.  feet. 

Steam       "           "         848-96 

Total         "           "        1287-60 

Steam  room  in  boiler 2»-8  cubic  feet. 

Grate  surface 86-18  aq.  feet. 

Heigbtof  Btack  from  ground 44  feetOin. 

Size  of  pipe BOX '30. 

Water  in  boiler  to  steaming  level 4878  pounds. 

Time  of  test 36  hoiire. 

Total  weight  of  water  evaporated  in  i>oiier ~ 92606-75  pounds. 

Mean  temperature  of  water _ 68-7(''  F. 

Total  weight  of  wood  used 848'S   pounds. 

coal      "    11725-76      " 

"           ashea -.... 147575      " 

Percentageof  carlwn  In  coal 75'2I 

"          "   hydrogen  "   1-82 

Mean  temperature  of  air  during  test 67'84°F. 

Mean  tiarometer-. 80-253  Inches. 

Mean  pressure  in  boiler 95-83  pounds. 

Mean  temperutureof  steam SST-WF. 

Mean  temperature  of  smoke-pipe 4il'03°F. 

Mean  draft  in  chimney -24  in,  water. 

Mean  pouiidn  of  air  per  pound  of  carbon  ■=  15-09. 

QUALITY    OF  STEAM, 
The  quality  of  the  steam  was  deterinmed  both  by  the  Barms  calori- 
meter and  tlie  apparatu^r  shown  in  Fig.  3,  with  the  following  results : 

BARBUS  CAl-ORIMETER. 

From  6.40  P.  M.  to  7.40  P.  51.,  October  9...9teum  contains  7-4  per  ct.  water. 

From 7.40  P.  M.  to 9.40  P.  M.,  October  9 "  "  70      "  " 

From  9.40  P.  M.  to  11.40  P.  M.,  October  9.-  "    superbeated  83° 
From  1.26  A.  M.  to  4.20  A.  M,,  October  10. -steam  contains  3-4  per  ct.  water. 
From4.20A.M.  to  11.30  A.  M.,  October  1(1..    "  "       3-6      "  " 

Fromll.30  A.  M,  tol.25P.  M.,  OctoberlO..    "  "        2-1      "  " 

From  2.40  P.  M.  to  4.45  P.  M.,  October  10...    "  "       Oil    " 

From  4.50  P.  M.  to  6.4")  P.  M.,  October  10.-..     "  "        2-8      "  •' 

From6.50  P.M.  to8.66  P.M.,  OctoberlO-    "  '        45      "  " 

From  9.45  P.  M.  to  11.20  P.  M..  October  10-    "    superheated  168". 

From  the  apparatus  sliown  in  Fig.  3,  we  have  the  following  results : 

1.00  p.  M.,  October  9 -steam  superheated  68°. 

2.00  P.  M.,  October  0  (a) '•  "    beyond  limits  of  tables. 

4.00  P.M.,  October 9 "       contains  131  percent,  water. 

6.0UP.  M.,October9 "  "  5-8        "  " 

6.00,  900,  10.00,  li.OO,  12.00 same  as  (a). 
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7,00 ~ Bteam  contains  307  per  cent,  water. 

1.00  A.  ik.,  October  10 same  as  (a). 

S.0O  A.  M.,  October  10 steam  superfaeated  57°. 

6.00,  6.00  A.  M.,  October  10 .same  aa  (a). 

7.00  A.  M.,  October  HI... steam  ooataina  7-7  per  cent,  water. 

8.00  A.  M.,  October  10 ■'- "     superbeated  S7°. 

9.00, 10.00,  11.00,  12.00,  October  30 same  as  (al. 

1.00  P.  M.;  October  10 same  aa  (a). 

3.00,  4.00,  5.00,  6.03,  October  10 sameai  (a). 

7.00  P.  M  ,  October  10 steam  superheated  70". 

9.00, 10.00  and  11.00  P.  M.,  October  10 .same  as  (a). 

While  the  results  given  from  the  Barrus  calorimeter  show  a  reasoD- 
abie  agreemeDt,  it  is  doubtful  whether  the  results  are  a  fair  measure  of 
the  quality  of  the  steam  produced,  as  the  thermometer  in  the  steam 
space  shows  337'16°  F.,  while  the  temperature  corresponding  to  the 
steam  pressure  95-SZ  pouuds  is  33493°  F.  The  difference,  or  2-23'', 
shows  that  the  average  quality  of  the  steam  was  dry  or  superheated 
2*23°  F.,  and  in  the  succeeding  deductions  this  value  will  be  taken  in 
calculating  the  relative  weight  of  wafer  evaporate!  per  pound  of  coal. 

As  before,  assuming  that  one  pound  of  wood  ^  -24  pounds  of  coal, 
the  total  equivalent  weight  of  a>al  used  is  348-6  X  "24  +  11725-75  = 

11809-39  pounds.    The  i>ercentage  of  ash  is -1^1^  =  12-5    per 

*^  '  *  11809-39  '      , 

cent.,  white  the  analysis  made  shiiws  1403  per  cent. 

The  heat  giving  power  of  tiie  fuel  is  determined  as  follows :  there  being 
75*21  per  cent,  of  carbun  and  1-82  per  cent,  of  hydrogen,  exclusive  of 
water,  the  equivalent  percentage  of  carbon  is  75"21  +  1'82  X  4"28  = 
83*00  per  cent,,  and  the  equivalent  amount  of  carbon  in  the  11809-39 
pounds  of  coal  is  H.S09-39  X  "83^9801-79  pounds. 

To  change  one  ponnd  of  water  at  68-77°  F.  into  steam  at  337*16°  F. 
requires  1184-77  —  36-77  =  1148-00  heat  units.  As  it  takes  966*07 
heat  units  to  change  one  jiound  of  water  at  212°  into  steam,  at  212**, 
one  pound  of  water  from  68-77°  to  steam  at  337"16°  requires  the 
same  amount  of  heat  as  1-1883  pounds  of  water  from  and  at  212°. 

Pounds  of  water  evaporated  per  hour  under  the  conditions ^2572-41 

Pounds  of  water  eva  porn  ted  per  hour  from  and  at  212° =;3056'79 

Pounds  of  coal  used  per  liour =  32S-04 

Equivalent  pounds  of  carbon  used  per  hour ^  272-27 

Horse-power  of  boiler  on  the  basis  of  30  pounds  of  water  from  and 

at212°  per  Iiorse-power =  101*89 
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Pounde  of  water  evaporat«d  per  pound  of  coal  undertlie  condi- 
tions  =      7M17 

Poands  of  water  evsjKtrated  per  pound  of  coal  from  and  at  212°-  =      9'3183 

Pounds  of  water  evaporated  per  equivalent  pound  of  carbon  un- 
der the  conditions ...=      9-4480 

Founds  of  water  evaporated  per  equivalent  pound  of  carbon 

from  and  at  212" =    11-2270 

Amountof  air  used  In  furnace  per  pound  of  coal—  --  =20-06  pounds, 


DICKSOX   BOILER. 
This  boiler,  Figs.  8  and  9,  is  nianiifactnred  Ity  the  Dickson  Manu- 
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factnring  Com[)aDy,  of  Scranton,  Pennsylvania.  It  is  a  horizontal 
tubular  boiler  having  68,  3  inch  tiibe^,  each  15  feet  long.  It  haa  a 
spread  6re  box  wider  at  the  top  than  at  the  bottom.  The  grate  used 
was  of  the  Howe  pattern,  6  feet  6  inches  by  4  feet  10  inches.  The 
shell  is  cylindrical  50  inches  in  diameter  and  is  34^  feet  long.  The 
steam  dome  is  30  inches  by  30  inches. 


Rating  of  boiler,  manufacturers  ^  76  horse-power.  Before  b^ia- 
ning  this  teat  the  boiler  was  thoroughly  protected  by  means  of  a  one- 
inch  layer  of  felt  over  the  entire  boiler,  excepting  the  front  head.     The 
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test  began  at  6.31  P.  M.,  October  13,  1884,  and  ended  at  6.31  A.  M., 
October  15, 

The  boiler  was  designed  to  burn  culm,  but  as  none  could  be  pro- 
cured in  time  for  the  test,  screeniugs  from  [>ea  coal  were  used  instead. 

Water  heatiug surfece - =       841'9q.  feet. 

Steam       "  ■'       =  2-5    " 

Total  "  "      =       84S-5    " 

Qratesur&ce ™        3141  " 

Steam  space  In  boiler =  67  oublc  ft. 

Weight  of  water  in  boiler  at  ordinary  standing  level...  =       10200  pounds. 

Time  of  test =  86  hours. 

Total  weight  of  water  evaporated  lu  boilers ==  1ST152-TS  pounds. 

Water  used  per  hour  to  ruu  Jet ^       472'5         " 

Mean  temperature  of  water =        6717°  F. 

Total  weight  of  wood  used =      232-6  pounds. 

"  "        coal       "    =2002650      " 

"  "        ashes  (net! =  5048-37       " 

Percentage  of  carbon  in  the  coal =     72-87 

"  hydrogen  (exclusive  of  water) - ^       2*53 

Mean  temperature  of  air =     60-26°  F. 

Mean  barometer =     30-299  Inches. 

Mean  pressure  in  holler =     8354  pounds. 

Mean  temperature  of  steam =  3M*19°  F. 

Mean  temperature  of  smoke-stack '^  422-72°  F. 

Mean  draft  in  chimney =        'IS  inches. 

Mean  air  per  pound  of  carbon =    13'6((  pouud». 


QUALITY    OP   Sl'EAM. 

The  quality  of  the  steam  was  determined  both  by  the  Barms  calori- 
meter and  by  the  apparatus  shown  in  Fig.  3,  with  the  following 
results: 

BABRUS   CALORIMETER. 

From  7.20  P.  M.,  October  13  to  11.20  A.  M.,  October  14,  steam  contains  0-78 

per  cent,  water. 
From  1.20  A.  M.  to  3.20  A.  M.,  October  14,  steam  contains  27  i>er  cent. 

From  3.20  A.  M.  to  5.20  A.  M.,  October  14,  steam  contains  1-0  per  cent. 

water. 
From  5.20  A.  M.  to  12.00  noon,  October  14,  steam  contains  2-6  per  cent. 

water. 
From  12.00  noon  to  2.00  P.  M.,  October  14,  steam  contains  7-8  i>er  cent. 

water. 
From  2.00  p.  M.  to  4.00  P.  M,,  October  14,  steam  superheated  22°. 
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From  4.00  P.  M.  to  6.00  P.  M.,  October  14,  steaca  superheated  7°. 

From  fl.00  P.  M.  to  8.00  P.  M.,  October  14,  steam  oontalDB  1-2  per  cent. 

From  8.00  P.  M.  to  10.00  P.  M.,  October  14,  steam  contains  3-8  per  cent. 

From  10.00  P.  M.  to  IS.OO  mtdnigbt,  October  14,  steam  cootalns  2-0  per 

cent,  water. 
From  10.00  mldolght  to  2.00  A.  M.,  October  13,  steam  coDUtnaOSper  cent. 

water. 
From  2.00  A.  M.,  October  lo  to  4.00  A.  M.,  October  15,  ateam  contains  1-7 

per  cent,  water. 
From  4.00  A.  M.,  October  15  to  6.0O  A.  M.,  October  15,  steam  contains  1-2 

per  cent,  of  water. 

The  results  fr.m  the  apparatus  shown  in  Fig,  3  were  totally  un- 
reliable, giviDg  in  every  case  highly  superheated  steam  of  400°  or 
over. 

As  the  tenn>erature  of  the  steam  almost  exactly  corresponds  with 
the  temperature  corresponding  lo  the  pressure,  it  is  evident  that  the 
steam  must  have  been  either  saturated  or  wet,  and  taking  the  results 
from  the  Barrus  apparatus  as  correct,  we  have  for  a  mean  I'oo  per 
cent,  of  moisture  in  the  steam,  aud  this  value  will  be  taken  in  the  suc- 
ceeding deductions. 

Aa  before,  assuming  that  one  pound  of  wood  =  -24  pounds  of  coal, 
the  total  equivalent  weight  of  coal  used  is  2.32-0  X  "24  +  20026-o0  = 
20082'.3  pounds. 

^  2o-l  per  cent.,  wliile  the  analy- 
sis of  tJie  coal  made  sho^vs  but  10-39  {>er  cent.  This  discrepancy 
may  foe  accounted  for  in  the  following  way  :  thecoul  used  was  sittings 
from  pea  coal,  considerable  of  which  fell  through  the  grate  partly 
burned,  and  as  the  ashes  were  continually  wet  from  the  steam  jet,  no 
attempt  was  made  to  burn  the  refuse  a  second  time,  as  the  loss  from 
the  wet  ashes  would  probably  he  more  than  the  gain  from  more  per- 
fect combustion. 

The  equivalent  weight  of  carbon  used  whs  determinetl  as  in  the  case 
of  the  preceding  boilers.  The  percentage  of  carbon  being  72-87  and 
of  hydn^n  (exclusive  of  water)  2-53,  the  equivalent  percentage  of 
carbon  is  72*87  +  4-28  X  2-53  =  8370;  and  the  equivalent  amount 
of  carbcm  in  the  200«2-3  pounds  of  coal  is  16808-89  pounds. 

To  change  one  pound  of  water  at  67*17°  into  steam  83*54  pounds 
pressure  and  containing  1'55  per  cent,  of  moisture  requires  1167-78 
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—  35-17  =  1132-61  heat  units.  As  it  takes  966-07  heat  units  to 
change  one  pound  of  water  at  212°  into  dry  steaai  at  212°,  one  pound 
of  -water  under  the  conditions  of  this  test  requires  the  same  amount  of 
heat  as  1-1724  pounds  of  water  from  and  at  212°. 

As  the  total  weight  of  water  evaporated  is  137152-75  pounds,  and 
as  472'5  pounds  of  ivater  are  used  per  hour  to  run  the  jet,  the  amount 
of  water  available  for  use  outside  the  boiler,  or  the  proper  quantity  of 
water  which  should  be  creditedtothe  boiler  is  137152-75  — 36  X  472-5 
=  135451-75  pounds. 

Pounds  of  water  evaporated  per  hour  under  the  conditions. ^  8762-55 

Pounds  of  wat«r  evaporated  per  hour  from  and  at  212° ^  4411*21 

Pounds  of  coal  used  per  hour =   5S7-84 

Etiuivalent  pounds  of  carbon  used  per  hour =   466'91 

Horse-power  of  boiler  (on  basis  of  30  pounds  of  water  f^m  and 

at  312°  per  horse-power). =   147-04 

Pounds  of  water  evaporated  per  pound  of  coal  under  the  con- 
ditions  ~ =       e.744» 

Pounds  of  water  evaporated  per  pound  of  coal  ft«m  and  at  212°  =  7-9078 
Pounds  of  water  evaporated  per  equivalent  pound  of  carbon, 

under  the  conditions =       S-0584 

Pounds  of  water  evaporated  per  equivalent  pound  of  carbon 

from  and  at  212' =       9-4477 

Amount  of  air  used  in  furnace  per  pound  of  coal  =  --^   =     18-74  pounds. 


BAIJJWIN    BOILER. 

An  attempt  to  test  this  boiler  was  made  ou  September  29,  1884,  and 
after  continuing  for  24  hours,  the  fires  became  very  low  because  of 
the  coal  having  so  much  clinker,  requinng  that  the  iires  should  be  con- 
stantly cleaned,  and  the  test  was  stopped. 

At  the  request  of  the  company  exhibiting  the  boiler,  a  second  test 
was  made  beginning  at  1.19  P.  M.,  October  24,  1884,  and  ending  at 
1.19  P.  M.,  October  25,  1884,  and  the  results  of  this  test  alone  are 
given  in  this  report. 

This  boiler  was  made  by  the  Baldwin  locomotive  works.  It  is  a 
horizontal  cylindrical  flue  boiler,  sixteen  feet  long,  of  54  inches  diame- 
ter, and  having  4-iuch  flues.  The  bottom  of  the  boiler  was  set  34 
inches  above  the  grate. 

Over  the  boiler  is  placed  a  steam  drum  twenty-four  inches  in 
diameter  and  eight  feet  long,  connected  to  the  boiler  by  means  of  one 
neck  12  inches  in  diameter  and  10  inches  long. 
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RftUng  of  boiler - 50  lioree-power. 

Grate  Burface 21  square  feet. 

Heating  eurbce,  total 799-62  sq.  feet. 

"             "         wetted 663'81  aq.  feet. 

"             "         steam 138-81  sq.  feet. 

Orate  42  incbee  by  72  incbea. 
Cblmuey  30  laches  by  30  Inches. 

Height  of  chimney 44  feet  d  Inches. 

Time  of  teat 24  hours. 

Tola!  weight  of  water  evaporated  In  boiler. .'. 381090  pounds. 

Mean  temperature  of  water..   =  5fl'91°F. 

Total  weight  of  wood  used =  101  5  pounds. 

Total  weight  of  coat  used =  6081 '0         " 

Total  weight  of  aHliea =  6-54-26        " 

Percentage  of  carbon  In  coal =  8022 

Percentage  of  hydrogen  (exclusive  of  water) =  2'53 

Mean  temperaHire  of  air  during  test - =  45'25''P. 

Mean  barometer =  30  274  inches. 

Mean  pressure  In  boiler ~ =  e871  pounds. 

Mean  temperature  of  steam =  343'78''F. 

Mean  temperature  of  smoke  stack =  816*85°  F. 

Mean  draft  in  chimney. -'• :=  '243  inches. 

Mean  air  per  pound  of  carbon =  I6'24  pounds. 


QUALITY  OP  STEAM. 
Tlie  qoality  of  the  steam  was  determined  only  by  the  Barrus  calori- 
meter with  the  following  results : 

From  2..50  P.  M..  October  24,  to  4.20  P.  M.  October  24,  steam  contains  0-78 

per  cent,  water. 
From  4.20  P.  M.,  October  24,  to  6,20  P.  M.,  October  24,  steam  contains  1-8 

per  cent,  water. 
From  6,a)  P.  M.,  October  24,  to  8.20  P.  M.,  October  24,  steam  contains  1-9 

per  cent,  water. 
From  8.20  P.  M..  October  24,  to  10.20  P.  M.,  October  24,  steam  is  dry. 
From  10.20  P.  M.,  October  24,  to  12.20  A.  M.,  October  26,  steam  couUlns  2-8 

per  cent,  water. 
From  2.20  A.  M.,  October  25,  to  4.20  A.  M.,  October  25,  superheated  174=. 
From  4.20  A.  M.,  October  25,  to  6.20  A.  M.,  October  25,  contains  8-9  per 

cent,  water. 
From  8.40  A.  M.,  October  25,  to  12.20  P.  M.,  October  25,  contains  28.5  per 

cent,  water. 

The  mean  of  these  results  U  6"95  per  cent,  of  moisture  in  the  steam. 
The  temperature  of  the  steam  by  thermometer  is  343'78''  F.,  and  the 
temperature  corresponding  to  the  pressure  98-71  pounds  per  gauge  ia 
336'83°F.,  and  the  average  quality  of  the  steam  from  the  temperature 
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is  6*95°  Buperheat«d.  Assuming  that  this  latter  value  is  more  correct 
than  the  one  giveu  by  the  Barms  calorimeter,  tliis  value  will  be  used 
in  the  following  deductions. 

As  before,  assuming  that  one  pound  of  wood  =  "24  pounds  of  coal, 
the  total  equivalent  weight  of  coal  used  is  6031  +  191'5  X  ■24  = 
6076-96  pounds. 

The  percentage  of  ash  is : —  ^  10'76  per  cent.,  while  the 

*         ^  6076-96  ' 

analysis  made  shows  10*39  per  cent. 

The  equivalent  weight  of  carbon  used  was  determined  as  in  the 
cases  of  the  preceding  boilers.  The  percentage  of  carix>n  being  80*22, 
and  of  hydn^n  (exclusive  of  water)  2*53  per  cent,  the  equivalent 
percentage  of  carbon  is  80*22  +  4*28  X  2*53  =  91-05  per  cent.,  and 
the  equivalent  amount  of  carbon  in  6076*96  pounds  of  coal  is 
=  5533*07  pounds. 

To  change  one  pound  of  water  at  69*91°  into  steam  of  98*71  pounds 
pressure  and  6*95°  superheated,  requires  1186-791  —  27-91  =  1158*881 
heat  units.  As  it  takes  966*07  heat  units  to  change  one  pound  of 
water  at  212°  into  steam  at  212°,  one  [wund  of  water  under  the  con- 
ditions of  this  test  requires  the  same  amount  of  heat  as  1*1996  pounds 
of  water  from  and  at  212°. 

Pounds  of  water  evaporated  per  hour,  under  the  conditions =  1637-83 

FoundB  of  water  evaporated  per  hour,  from  and  at  212° =  1904*76 

Founds  of  coal  used  per  hour =    253*21 

Equivalent  pounds  of  carbon  used  per  hour— ^    230*54 

Horse-power  of  the  boiler  (on  the  basis  of  30  pounds  of  water 

from  and  at  212°  per  hour,  horse-power) ^      63'49 

Pounds  of  water  evaporated  per  pound  of  coal,  under  tlie  con- 
ditions  =       6-27Cie 

Founds  of  water  evaporated  per  pound  of  coal  from  and  at  212°  =  7'$224 
Founds  of  water  evaporated  per  equivalent  pound  of  carbon, 

under  the  conditions 6-8874 

Pounds  of  water  evaporated  per  equivalent  pound  of  cartmn, 

from  and  at  212° 8-2621 

Amount  of  air  used  In  the  furnace  per  pound  of  coal 20.24  lbs. 
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Resume  of  Retultt  obtained  in  Boiler  Te»t». 


Nama  of  Boiler  ODTHal. 

1      Root. 

HarrUon. 

Dleksou. 

Baldwin. 

Data  of  Trial. 

Oct.3,18« 

Oct.  e. 

Oct.  tS. 

Oct.  34. 

IU(«d  horae-power  by  makera... 

Developed  liorae-power  In  Uat 
30  poandi  of  water  froni  and 
BTvea  per  bone-power 


Water  heatlog  inrbca  In  aqnare  ICet..... 
SMaot  heatlDK  inrtaee  Id  eqnare  feet.... 
Total  beatlog  Barfaoe  In  aqnare  feet — - 

Orat«aDr(hoe  In  square  feet 

Batlo  of  grate  to  beating  aarbice 

Helgtitofcbliiiner>  Id  leet.lrom  grate 


Barometer  In  laclie 


9111 
30  BB 


Avamge  Umperature  of  the  air  (Fab.) ST 

ATerage  temp,  of  lb«  ileam  In  boilers I  S4I  'S2 

TamMratara  oorreapandlug  to  average 

boflar  prenore .^..  8SI'» 

Arerage  temperature  of  the  chlmiiey |  Stt'OS 

Aver»ge  t«mperatnre  of  the  feed- water....  Tra 


101 '8» 
948-54 
318-91) 


811  «6S-ai 

IM'SI 

59»-«( 


95-88      { 

iw-sst 


MTl 
30-Z71 
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Jteiumfi  o/Retulte  obtained  in  BoUer  Tea/s.—Oontlnved. 


Nnnie  at  Boiler  on  Trial. 


Root.       Harrison.    Dickion.     BhMwI 


Oct.  2, 1881,      Oct.  B.         Ocl.  IS.         Oct.  II. 


Pounds  of  coal  per  honr 

■B 

SM'S 

2S2-5 

191-5 

■5 

il7K-75 

aO(H8-3 

0081 

■5 

11809-89 

30082-8 

t07fl-9tt 

■75 

■  U75-7S 

S018-37 

au-K 

M 

9e01'T9 

lesoe-s 

55S3-OT 

■a 

272-27 

466-B 

aao-M 

•«! 

828-01 

657-81 

^-a 

le  boiler  Ht  ave- 
-eaoove  given 

r   evaporated    per  hoar 


waler  evapontted  per  pound  of 


carbon  rrom  and  at  212°. 


Peroenlsve  of  mol stare.... 


r  per  square  root  of  grate 


Ingiarface  perbi 


Mean  ilraR  Id  chimney  In  Inches 

Steam  room  In  boiler  In  cable  reet..~ 


Blower.      Natural.  Bt«am  Jet.    NaturaL 
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At  the  lueefiiig  of  the  Exaoimers  of  Section  X,  held  at  the  Franklin 
Institute,  March  23,  1885,  the  following  I'esolutioD  was  adopted :  * 

Resolved,  That  tbe  report  of  Mr.  Spangler  be  adopted  as  reudered,  and 
that  the  same  be  publisbed  In  its  entirety,  with  the  addition  of  a  tabulated 
reeum'^  of  the  results.  That  the  committee  refrain  from  crltleiam  of  the 
boilen!  aa  prescribed  by  the  Code,  excepting  upon  the  points  of  economy  of 
fuel  and  evaporated  efficiency,  as  contained  in  report  adopted..  That  all 
accuracy  of  the  calurlmetrlcal  measurements  be  disclaimed,  but  all  data  re- 
ferring thereto  be  printed,  as  evidence  of  work  performed  In  the  atten)]>t  to 
obtain  reliable  results. 

\Vm.  D.  Marks,  Arthur  L.  Church, 

W.  Babxet  Le  Van,  Fred'k  Graff, 

O.  Chabot,  Chas.  E.  Kokaldson, 

A.  B.  Wyckopf.  Otto  C.  Wolf, 

Cbinmittee  present. 

Memben  oj  Section  X— Gould  H.  Bull,  C.  Chabot,  R.  E.  Crow- 
foi-d,  J.  E.  Denton,  Charles  H.  Fisher,  Carl  Hering,  Washington 
Jones,  Gaetaiio  Lunzii,  W.  Baniet  Le  Van,  William  Ludlow, 
William  D.  Marks,  O.  E.  Michaelis,  John  Milliss,John  \V.  Xystrom, 
T.  W.  Rae,  Charles  E.  Ronaldson,  H.  W.  Spangler,  Otto  C.  Wolf,  A. 
B.  Wyckoff. 

*This  report  has,  according  to  the  directions  of  the  Board  of  Managei's 
of  the  Franklin  Institute,  been  edited  and  super\'i9ed  by  the  Conmiiltee 
appointed  for  that  purpose.  The  language  of  this  resolution  must  not  be 
interpreted  to  Imply  that  any  exception  was  made  to  the  mode  of  printing 
tbe  reports. 

Pebsifob  Fhazes, 

Wm.  H.  Wahl, 

Executive  Committee  of  Editing  Committee. 
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1884— INTERMTIONSL  ELECTRICaL  EXHIBITION-1884 

PB4!IKUH  ISSTITDTE,  OF  THE  STATE  OF  rENXSTLTANIi, 


Promotion  of  the  Meohanio  Arts. 


REPORTS  OF  THE  EXAMINERS 


SECTION    XI 


(SSCT/Otr  I,  CLASS  VI  OF  THE  CATj 


STEAM   ENGINES. 


IISSUKU  BV  AUTHORITV  or   thi  BOARD  op  MANAGERS  and  PUBLISHED  ai 
SUPPLEMENT  to  thb  JOURNAL  of  th«  FRANKLIN 

INSTITUTE,  FEBRUARY,  iBM.) 


PHILADELPHIA: 

THE   FRANKLIN  INSTITUTE. 
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EDITING  COMMITTEE. 

PERSIFOR  FRAZER,  Chairman, 

CHARLES  BULLOCK, 

THEO.  D.  RAND. 

COLEMAN  SELLERS, 

WILLIAM  H.  WAHL. 
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I884-INTERNATIONAL  liLECTRICAL  EXHIBITlON-1884 
Franklin  Institute,  Philadelphia,  Pa. 


REPORT  OF  EXAMINERS. 


Section  XI. — Steau  Englnes. 


To  the  Board  of  Managers  of  the  Franklin  Lnstitute; 

Gentlemen  : — I  have  the  honor  to  trniisniit  hcrewilh  the  report 
of  Exacniner:>  of  Section  XI,  on  "  Steam  Engines. " 
Respectfully, 

M.  B.  Snvder, 
Chairman  Board  of  Ex> 
Philadelphia,  November,  1885. 


Chairman  Board  of  Examiners,  International  Electrical  Exhibition : 

Sir  : — I  herewith  hand  you  the  report  of  Section  XI,  on  "  Steam 
Engines." 

Respectfully, 

VVh.  D.  Marks. 
Chatrman  Seetion  XI, 


OMzcdoyGoOglC 


REPORT  OF  EXAMINERS.    SECTION  XI.    STEAM  ENGINES. 

Code  of  the  Quantitative  Tests  Proposed  for  the  Steam  Engines,  at  the  Inter- 
national Electrical  Exhibition  of  18S4,  of  the  Fkakklik  Institute,  0/ 
the  State  of  Pennsylvania. 

SPECIAL  NOTICE. 

Parties  exhibiting  engines  who  may  desire  quantitative  tests  made  of  them, 
must  make  formal  application  for  such  tests  before  July  15,  1884. 

Engines  can  be  exhibited,  but  will  not  be  tested  unless  farma.1  application 
and  agreement  to  the  code  are  completed  within  the  specilied  time. 

Parties  desiring  to  have  tests  made  of  their  engines,  can  have  them  made 
by  so  signifying  and  by  subscribing  to  and  fulfilling  the  conditions  of  the  Code. 

All  tests  will  be  quantitative,  and  will  not  be  abridged,  save  by  special 
agreement  wiih  the  judges. 

Tests  of  regularity  of  speed  will,  however,  be  made  independently  of 
other  measurements. 

The  Commiitee  reserves  the  right  to  limit  the  number  of  engines  tested, 
and  lo  elect  which  engines  shall  be  tested,  if  time  will  not  permit  complete 
tests  of  all. 

Competitive  tests  will  not  be  made,  save  on  the  joint  application  of  the 
two  or  more  parties  desiring  them,  who  must  agree  on  the  rating  of  the  various 
points  of  the  engines  (See  Article  9)  previous  to  the  tests,  and  subscribe  in  the 
Code,  agreeing  to  abide  by  the  decision  of  the  Judges  without  appeal. 

SECTION  I. 
Conditions  op  Exhibition  and  Test. 
Article  1.    Cylinders. 
Tlie  cylinders  of  the  engines  entered  may  be  of  any  capacity  and  propor- 
tion of  stroke  to  diameter. 

Article  2.  Indicator  Connections. 
Each  cylinder  shall  be  drilled  and  tapped  by  the  builder  for  indicator 
connections,  by  means  of  one-half  inch  pipe,  in  the  usual  manner,  and  to 
the  satisfaction  of  the  judges.  Pet  drainage  cocks  must  be  on  the  cylinder. 
The  cross  head,  or  other  moving  part,  must  be  drilled  for  the  indicator  cord 
attachment. 

Article  3.    Clearance. 

Each  cylinder  shall  be  drilled  and  plugged  at  both  ends,  so  as  to  admit 

of  being  completely  filled  with  water  and  emptied  by  means  of  a  one-half 

inch  pipe,  in  order  lo  determine  the  clearance  and  the  piston  displacement 

of  one  stroke  at  each  end.    These  data  will  be  obtained  both  hot  and  cold. 

Article  4.    Valves. 

The  steam  and  exhaust  valves  will  be  tested  under  full  steam  pressure, 

ninety  (90)  pounds  per  square  inch  by  the  gauge,  unless  some  other  pressure 

has  been  agreed  upon  for  the  test. 
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Article  5.    Hston  Packing. 
The  tightness  of  the  piston  packing  will  be  determined  by  removing  the 
back  cylinder  heads,  and  subjecting  the  piston  to  full  boiler  pressure  on  each 

Article  6.    Fly  Wheel. 
Each  maker  is  requested  to  use  such  diameter  of  band  fly  wheel,  or  of 
pulley,  as  shall  give  a  belt  speed  of  4,000  feet  per  minute. 

Should  he  require  a  diflTerent  belt  speed,  he  will  specially  note  the  same 
in  comrouoicating  with  the  Exhibition  Committee. 
Article  7.    Steam  Pipes. 
Each  exhibitor  will  be  required  to  furnish  his  own  connection  with  the 
main  steam  pipe,  the  main  injection  pipe,  and  the  main  overflow  pipe  or  tanks. 
Article  8.    Space. 
Each  exhibitor  will  be  furnished  with  space  at  the  regular  rates  established 
for  the  Exhibition,  in  which  space  he  must  build  his  foundations  at  his  own 
cost,  and  subject  to  the  approval  of  the  Superintendent. 
Article  9.    Specifications. 
Each  exhibitor  will  communicate  to  the  Chairman  of  the  Committee  of 
Judges  on  Steam  Engines,  such  description  and  drawings  of  the  engine 
exhibited  as  will  facilitate  the  labors  of  that  Committee,  together  with  bis 
claims  as  to  the  meritorious  points  for  his  exhibit 

TAf  Following  Pomts  will  have  Special  Considtration. 
(1.)  Economy  of  steam. 
(2.)  Regularity  of  speed. 
(3.)  Concentration  of  power. 
(4.}  Durability  of  construction. 
(S-)  Simplicity  of  design: 
(6.)  Excellence  of  proportions, 
{?.)  Finish  of  parts. 
Each  exhibitor  must  file  the  following  data: 

Diameter  of  the  steam  cylinder  to  the  nearest  yjg  of  an  inch. 

Diameter  of  the  piston  rod  "  "         

Diameter  of  the  steam  pipe  "  "  "      "        " 

Diameter  of  the  exhaust  pipe         "  "         "      "        " 

Diameter  of  the  band,  or  fly  wheel"  "  "       " 

Width  of  the  face,  or  fly  wheel       "  "         

Weight  of  the  fly  wheel  in  pounds. 

Area  of  the  steam  ports  each  to  the  nearest  yfg  of  an  inch, 

Areaof  the  exhaust  ports  each  "  

Stroke  of  the  engine  "  "      .  "       "        " 

Indicated  horse-power  of  the  engine  when  working  most  economically. 

Revolutions  of  the  crank  per  minute. 

Weight  of  the  whole  engine,  exclusive  only  of  the  fly  wheel. 
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If  a  condenser  is  used  and  driven  by  the  engine. 

Diameter  of  the  air-pumps  to  the  nearest  -^  of  an  inch. 

Diameter  of  the  injection  pipe  "  "  "         "         " 

Diameterof  the  overflow  pipe  '*  "  "'         "         " 

Stroke  of  the  air-pump  piston  "  "  "        "        " 

If  an  independent  condenser  is  used,  that  is  not  driven  by  the  engine. 

Diameter  of  the  injection  pipe,  to  the  nearest  ^^  of  an  inch. 

Diameter  of  the  overflow  pipe      "  "  ' 

Drawings  of  the  condenser  used,  any  other  data  peculiar  to  it,  and  a 
full  description  of  it. 

SECTION  II. 

PREPARATIONS  FOR  THE  TEST. 

Article  lo.    Steam. 

The  steam  for  the  tests  wilt  be  furnished  by  the  exhibition  boilers,  and  will 
come  from  boilers  specidly  set  apart  for  the  purpose  of  the  tests.  It  will  be 
charged  for  M  regul.ir  rate  of  three  (3)  cents  per  indicated  horse-power  per 
hour.  Steam,  if  desired,  will  be  furnished  to  exhibitors  one  week  before  the 
tests  are  made. 

No  charge  witl  be  made  for  the  services  of  attendants  or  experts,  or  the 
use  of  app.iratus,  unless  in  some  extraordinary  case,  when  the  cost  will  be 
fixed  by  the  Superintendent  of  (he  Exhibition.  No  charge  against  the  engine 
will  be  made  for  steam  when  its  power  is  ordered  by  tne  Superintendent  for 
the  other  purposes  of  the  Exhibition. 

Article  ii.    Pressure- 

The  steam  pressure  used  will  be  subject  to  the  wish  of  the  exhibitor,  but 
shall  not  exceed  ninety  (93)  pounds  per  square  inch,  by  the  gauge. 

A  special  standard  gauge  will  be  used  during  the  test,  and  subjected  to 
careful  tests  before  and  after  use. 

Article  12.    Safety  valve. 

The  safety  valve  will  be  set  to  blow  off  at  ten  (10)  pounds  above  the  pres- 
sure fixed  upon. 

Article  13.    Quality  of  the  Steam. 

The  thermal  value,  the  temperature  and  the  pressure  will  be  taken  by 
means  of  scale  calorimeters,  thermometers  and  standard  gauges  at  the  boiler, 
at  the  steam  chest,  and  at  the  exhaust,  if  the  engine  is  non-condensing. 

The  thermometers,  calorimeters,  etc.,  will  be  furnished  by  the  Exhibition, 
but  the  exhibitor  must  do  such  mechanical  work,  must  furnish  such  piping, 
tools  and  materials  as  are  necessary  to  make  the  required  attachments,  at  his 
own  cost,  and  subject  to  the  orders  of  the  Committee  of  Judges. 
ARTICLE  14.    Temperature. 

The  temperatures  of  injections  and  of  hot  well,  will  be  taken  with  stand- 
ard thermoneters  in  the  case  of  condensing  engines. 


Article  15,    Water, 

The  water  used  will  be  taken  from  the  cily  mains. 

The  feed  water  for  the  boilers  will  be  weighed  by  means  of  scales,  and  a 
targe  tank,  and  will  be  run  into  a  smaller  supplemental  tank,  from  which  it 
will  be  pumped  into  the  test  boilers  by  means  of  a  feed-pump,  actuated  by 
steam  from  other  boilers. 

The  condensing  water  used  will,  ini  the  case  of  condensing  engines,  be 
measured  afler  leaving  the  hot  well,  in  two  carefully  gauged  tanks,  alter- 
nately filled  and  emptied,  the  temperature  also  being  taken. 

The  known  weight  of  steam  used  will  be  subtracted  from  the  overflow. 

The  injection  water  will  be  weighed  in  large  tanks,  and  its  temperature 

The  injection  water  will  not  be  delivered  under  pressure. 

Article  16.    Speed  of  Engine. 
The  number  of  revolutions  of  the  engine  will  be  taken  by  a  continuous 
counter  attached  to  the  crank  shaft. 

The  variations  in  speed  for  one  minute  will  be  taken  at  each  quarter  of  an 
hour  by  means  of  an  electric  chronograph,  connected  with  a  standard  clock 
beating  seconds. 

The  variations  in  speed  during  one  stroke  will  be  taken  by  an  acoustic 
chronograph  at  fifteen  minutes  interval. 

Special  tests  of  speed  alone,  under  varying  loads,  will  be  made  if  desired, 
and  close  attention  will  be  had  to  this  point  in  all  cases. 

Article  17.     Barometric  Measurements. 
A  standard  barometer  and  thermometer  will  be  read  at  lifteen  minutes 
interval  during  the.  trial. 

Article  i3.    Vacuum, 
The  vacuum  of  condensing  engines  will  be  read  by  a  gauge,  carefully 
compared  before  and  after  the  trials. 

Article  19.    Testing  of  Gauges,  Indicators,  etc. 
All  of  the  gauges,  indicators  and  thermometers  used,  shall  be  carefully 
tested  before  and  after  the  trials,  and  the  party  whose  engine  is  tested,  shall 
have  the  right  to  be  present  in  person  or  by  agent,  at  these  tests. 
Article  20.    Diagrams. 
The  indicator  diagrams  will  be  taken  at  fifteen  (i  5)  minutes  intervals,  and 
will  be  read  for: 

Initial  pressure.  Mean  effective  pressure. 

Pressure  at  cut-off,  Point  of  cut-off. 

Terminal  pressure,  Release  of  steam. 

Counter  pressure  at  mid-stroke.  Exhaust  closure. 

Maximum  compression  pressure. 
From  the  diagrams  will  be  computed  the  indicated  steam  at  the  point  of 
cut-off,  and  at  release,  as  also  the  actual  steam  from  boilers  per  horse-power 
per  hour. 


Article  21.    Load  of  the  Engine. 

The  Committee  of  Judges  will  test  the  engine  at  the  load  desired  by  the 
exhibitor  of  it,  unless  circumstances  shall  render  it  impossible  to  meet  his 
wishes. 

If  the  load  does  not  exceed  seventy-five  (75)  indicated  horse-power,  the 
net  load  will  be  measured  by  a  Transmitting  Dynamometer. 
Article  ja,     friction  Diagrams. 

At  the  close  of  the  regular  trial,  the  engine  will  have  its  belt  taken  ofT,  and 
be  run  for  one  hour  for  friction  diagrams. 

Article  23.    Duration  of  the  Trials. 

Unless  otherwise  arranged,  the  trials  will  last  ten  (10)  hours. 

Article  24.     Economy  and  Efficiency  of  the  Engine. 

No  account  will  be  taken  of  tbe  coal  burned,  but  the  economy  of  the 
engine  will  be  deduced  from  the  actual  steam  used  and  water  weighed  to  the 
boiler. 

The  trial  will  begin  with  the  established  pressure. 

The  level  of  the  water  in  the  boiler,  and  the  pressure  of  the  steam  will  be 
kep>t  as  nearly  constant,  as  possible,  during  the  whole  of  the  trial. 

The  whole  weight  of  the  water  fed  to  the  boiler,  subject  to  proper  deduc- 
tions for  waste,  and  to  corrections  for  variation  of  level  in  the  boiler,  will  be 
multiplied  by  its  thermal  value  as  steam  at  the  steam-chest,  and  divided  by 
the  product  of  the  indicated  horse-power  of  the  engine,  and  the  number  of 
houTsof  the  test. 

The  resulting  quotient  will  be  used  to  divide  twenty-five  hundred  and 
fifty-seven  and  sixty-nine  one-hundreths  (2557-69)  British  thermal  units, 
giving  the  efficiency  of  the  engine  as  compared  with  the  mechanical  equiva- 
lent of  the  heat  furnished  to  it,  and  therefore  its  efficiency,  as  a  means  of  con- 
verting heat  into  work. 

The  net  horse-power  of  the  engine  will  be  used  for  computation  similarly 
to  the  indicated  horse-power,  and  the  result  will  be  taken  as  the  measure  of 
the  efficiency  of  the  engine,  both  as  a  means  of  converting  heat  into  work, 
ajid  as  a  machine  for  the  transmission  of  power. 

This  latter  shall  be  considered  the  true  measure  of  the  efficiency  of  the 
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METHODS  USED. 

TIME  OF  TEST. 

It  was  the  intention  that  each  of  these  tests  should  last  exactly 
ten  (lo)  hours.  But  in  the  case  of  the  Porter-Allen  engine,  the 
engine  was  stopped  to  change  indicator,  and  in  the  case  of  the 
Southwark  engine,  the  test  lasted  eleven  (ll)  hours  and  two  (2) 
minutes. 

STEAM. 

The  steam  used  in  the  engine  tests  was  taken  from  a  boiler 
which  was  not  in  use  for  any  other  purpose,  and  had  all  valves 
connecting  with  other  boilers  and  engines  tightly  closed.  It  was 
not  practicable  that  the  steam  pipe  should  be  run  directly  Trom  the 
boiler  used  to  the  engine  tested,  and  in  the  cases  of  the  Southwark 
and  Porter-Allen  engines  the  steam  pipe  was  very  long,  and  had  a 
number  of  pockets,  in  which  steam  and  condensed  water  lodged. 
The  engines  were  in  all  cases  run  for  a  considerable  time  before 
the  tests  began,  and  an  endeavor  was  made  to  leave  the  boiler, 
engine  and  all  their  attachments  at  the  end  of  the  test  in  the  same 
condition  as  at  the  beginning. 

Before  beginning  the  tests,  the  level  of  the  water  in  the  boiler 
was  noted,  and  all  water  supplied  to  the  boiler  after  the  test  began 
was  carefully  weighed,  so  that  the  amount  of  water  supplied  to  the 
engine  is  known.  All  water  used  in  calorimetric  tests  was  credited 
to  the  engine,  and  all  drips  from  the  main  steam  pipe  were  returned 
to  the  tanks  and  used  again.  The  level  of  the  water  at  the  end  of 
the  test  was  brought   back  to  the  same  point  as  at  the  beginning. 

DISPLACEMENT   AND    CLEARANCE. 

Before  beginning  the  tests,  the  engine  was  put  on  each  dead 
centre,  and  the  volume  on  each  side  of  the  piston  was  filled  with 
water,  the  valve  being  moved  so  that  it  covered  the  port  in  each 
case.  The  weight  of  the  water  required  to  fill  the  space  and  its 
temperature  were  taken  at  the  same  time,  and  from  this  data  the 
displacement  of  the  piston  and  clearance  on  each  end  was  calculated. 

REVOLUTIONS. 

A  Crosby  revolution  counter  was  attached  to  the  shaft  of  each 
engine,  and  the  reading  of  the  counter  was  taken  at  regular  inter- 
vals.    After  the  counter  had  been  adjusted  for  the  engine,  it  worked 


satisfactorily  on  the  Porter-AIIcn  and  Buckeye  tests,  and  during 
the  Southwark  test,  until  4.15  P.  M,  The  number  of  revolutions 
on  this  test  after  this  time  are  computed  from  the  number  of  revo- 
lutions made  by  the  dynamometer. 

BAROMETER. 

The  readinf>;s  of  the  barometer  were  taken  from  observations  of 
the  U.  S.  Sit^nal  Service  in  Philadelphia. 

PRESSURE  AND  TEMPERATURE  OF  THE  STEAH. 

The  pressure  of  the  steam  at  the  engine  and  at  the  boiler  was 
taken  at  regular  intervals,  and  the  temperature  of  the  steam  was 
taken  at  the  engine  by  means  of  a  high  grade  thermometer  set  into 
the  branch  steam  pipe,  which  led  to  the  calorimeter  used,  and  was 
very  clos^o  the  engine. 

QUALITY   OF   THE  STEAM, 

This  was  determined  by  using  the  Barrus  calorimeter,  adescrip- 
tion  of  which  is  given  in  the  Report  of  the  Committee  on  Steam 
Boilers. 

INDICATOR   CARDS. 

The  indicated  horse-power  of  the  engines  was  taken.  The 
indicator  motions  used  were  practically  exact.  A  Crosby  and  a 
Tabor  indicator  were  used  on  each  cylinder,  and  a  Crosby  was 
used  on  the  valve  chest. 

On  the  Porter-AUen  engine  test,  the  indicators  were  changed 
when  the  test  was  half  concluded,  and  as  the  cards  taken  by  the 
two  indicators  from  the  same  end  were  as  nearly  identical  as 
possible,  the  indicators  were  not  changed  during  the  other  tests. 

Tlie  indicator  springs  were  tested  against  a  Crosby  steam 
gauge,  and  were  found  to  be  practically  correct  both  in  ascending 
and  descending. 

HORSE-POWER. 

The  areas  of  the  cards  were  taken  by  a  Crosby  planimeter. 
The  length  of  the  cards  were  measured  to  yjy  of  an  inch.  The 
mean  effective  pressure  was  determined  from  this  data.  The  con- 
stant for  each  end  of  the  cylinder  was  found  by  dividing  the  dis- 
placement in  cubic  inches  (found  by  experiment)  by  twelve  times 
33,000.     This  result,  multiplied  by  the  mean   effective  pressure 
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and  by  the  number  of  revolutions,  gives  the  horse-power  developed 
in  one  end  of  the  cylinder.  The  sum  of  these  results  is  the  total 
indicated  horse-power  of  the  engine. 

UEAN    INDICATOR   CARD. 

On  each  indicator  card  lines  were  drawn  at  right  angles  to  the 
atmospheric  line  at  the  ends  of  the  card,  and  also  at  -05.  -i,  -2 — 
■8,  -9,  -95,  the  length  of  the  card.  The  distance  from  the  atmos- 
pheric line  to  both  the  top  and  bottom  of  the  card  was  measured 
in  yJ^  of  an  inch  and  tabulated,  by  Mr,  Green,  of  the  University  of 
Pennsylvania. 

A  mean  of  these  tabulated  results  is  taken  as  the  mean  indi- 
cator card  from  which  the  amount  of  water  accounted  for  by  the 
indicator  card  is  calculated.  A  mean  of  all  the  steam  chest  cards 
has  been  taken  in  the  same  way,  and  the  mean  card  has  been 
drawn.  It  is  to  be  remembered. that  these  mean  cards  are  exactly 
right  only  at  the  points  of  the  stroke  already  mentioned,  and  that 
this  card  is  made  of  the  general  shape  of  cards  actually  taken. 

WATER   ACCOUNTED   FOR    BY   INDICATOR    CARDS. 

In  determining  the  amount  of  water  accounted  for  on  the  indi- 
cator card,  the  volume  of  the  cylinder  to  -3,  -4,  etc.,  of  the  stroke, 
including  clearance,  has  been  multiplied  by  the  weight  of  one  cubic 
foot  of  steam  at  the  pressure  corresponding  to  that  point  of  the 
stroke,  and  from  this  has  been  subtracted  the  volume  of  the  clear- 
ance multiplied  by  the  weight  of  one  cubic  foot  of  steam,  at  the 
pressure  to  which  the  steam  has  been  raised  by  compression. 

This  amount  being  calculated  separately  for  each  end  of  the 
cylinder,  gives  the  weight  of  steam  accounted  for  on  the  card  for 
each  stroke.  Adding  these  results  together  and  multiplying  by 
sixty  times  the  mean  number  of  revolutions  per  minute,  gives  the 
total  weight  of  steam  accounted  for  per  hour,  and  dividing  by  the 
mean  horse-power,  gives  the  water  used  per  horse-power  per  hour, 
//  muse  be  remembered  that  this  is  on  the  supposition  that  the 
steam  in  the  cylinder  -was  dry  and  saturated. 
REGULARITV  OF  SPEED. 

These  results  are  given  at  the  end  of  this  report. 

The  chronograph  used  consisted  of  a  cylinder  about  four  (4) 
inches  in  diameter,  revolved  by  means  of  clock-work.     In  front  of 
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this  cylinder,  carried  on  a  movable  table,  were  two  magnets  with 
the  armatures  arranged  in  such  a  way  that,  when  the  circuit  was 
closed,  a  point  on  the  armature  rested  against  the  drum,, and  when 
the  circuit  was  broken,  the  [Kiint  was  drawn  back  from  the  drum. 
One  of  these  magnets  was  actuated  by  a  tuning  fork,  making 
about  ninety-eight  double  vibrations  per  minute,  the  tuning  fork 
being  kept  constantly  in  vibration  by  a  magnet,  whose  circuit  is 
made  and  broken  by  the  fork  itself. 

The  other  magnet  can  be  actuated  in  any  way,  and  the  records 
of  the  two  points  are  side  by  side  on  the  drum. 

During  the  tests,  the  circuit  of  the  second  magnet  was  made 
and  broken  at  each  revolution  of  the  engine.  The  cylinder  was 
covered  with  smoked  paper,  and  the  records  made  were  preserved 
by  dipping  them  in  shellac. 

The  record  then  shows  the  number  of  vibrations  of  the  tuning 
fork  occurring  during  successive  revolution^  of  the  engine.  As  it 
takes  considerable  time  to  prepare  and  adjust  the  apparatus,  it  was 
not  possible  to  make  continuous  records. 

PORTER-ALLEN  ENOINE. 

Test  began no  P.  M.,  October  23, 1884. 

■■    ended 1 110  P.  M..  October  23,  1884. 

The  engines  was  stopped  2*9  minutes  at  6'i;  P.  M.  to  change  indicator. 

Diameter  cylinder 11^  inches. 

Stroke ao  " 

Diameter  piston  rod ij^      " 

steam  pipe S 

"        exhaust  pipe, 5  " 

Area  steam  ports,    .     .    * 675  square  inches. 

"    exhaust "        .    .     .     .     ' io'94    "  " 

Diameter  fly  wheel  (belt  drum) 66      inches. 

Weight  of  "      ■' 1 ,000  pounds. 

■■       "  engine  complete, 8,;oo     " 

Displacement  (measured) — 

Crank  end  of  cylinder 2oi8'3  cubic  inches. 

Head 207014  "        " 

Clearance  (measured) — 

Crank  end 127-87  cubic  inches. 

6*33  ftdisplacem't. 

Head  end 136*94  cubic  inches. 

"      " 6'6i  %  displacem't. 

Water  used  in  engine,  I7849'07  pounds. 

Di;:ilz=^:3,*^jt.H)>^lt." 
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Total  time  engine  in  operation. 
Mean  revolutions  per  minute,  . 
Maximum      "  " 


Variation  from  mean  speed. 


Mean  hone-power  (indicated)  of  engines, 
Maximum  "  " 


Mean  temperature  of  steam  at  engine, 
M: 


9  hours  J7'i  min. 
22751 

321-8 

+  ri8  per  ceni 
—  2-51     ■*      " 

6934 

7616 

63- 16 
329'33° 
338' 
3o6-s» 

90- s  pounds. 
tor6      " 


1043       " 
610       ■■ 
30'059  inches. 
47-4°  Fahr. 
S16H.  P. 


Minimum  "  ' 

Mean  pressure 

Maximum  " 

Minimum  "  ' 

Mean  "  ' 

Maximum  "  ' 

Minimum  "  ' 

Mean  barometer,    , 

Mean  temperature  of 

Mean  power  required  to  run  engine  with  load  off, 

QUALITY   OF   THE  STEAM. 

An  attachment  was  made  to  the  steam  pipe  just  above  the  valve 
chest  for  the  Barrus  calorimeter,  and  the  following  results  were 
obtained  from  its  use : 

From  440  to    640  P.  M.,  October  23d,  steam  contains  1336  S6  moisture 
•■      640  "     8-40      •'  "  "        "  •'  323* 

"      8-40"    iiio      "  "  ■*        "  ■'  644^ 

The  averse  quality  of  the  steam  from  this,  is  that  it  contained 
7-56  per  cent,  of  moisture. 

The  results  of  this  test  are  shown  graphically  in  M^.  z. 

The  scales  to  which  the  different  parts  of  the  diagram  are 
drawn,  are  shown  on  the  left  hand  side  of  the  figure.  The  base  is 
divided  into  ten  (10)  minutes  intervals,  and  the  ordinates  are  laid 
off  correspondingly  to  the  observations  made  at  the  regular  inter- 
vals during  the  test. 

The  line  marked  "  Total  horse-power"  shows  the  variation  in 
the  indicated  horse-power  during  the  test. 

The  line  marked  "  Pressure  at  boiler,"  shows  the  variation  in 
steam  pressure  at  the  boiler,  while  the  line  just  tselow  it  marked 
"  Pressure  at  engine,"  shows  the  corresponding  pressure  at  the 
engine. 
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IS 

The  line  marked  "  Horse-power  follower  end"  shows  the  indi- 
cated horse-power  developed  in  the  end  of  the  cylinder  away  from 
the  crank,  while  the  line  "  Horse-power  crank  end"  sliows  ihe 
corresponding  power  developed  in  the  end  of  the  cylinder  nearest 
the  crank. 

The  sun  of  the  ordinates  of  the  last  named  lines,  should  equal 
the  ordinate  of  the  line  marked  "Total  horse-power," 

The  line  marked  "Revolutions"  shows  the  variation  of  the 
speed  of  the  engine,  each  ordinate  representing  tlie  mean  number 
of  revolutions  for  the  preceding  ten  (lo)  minutes.  It  will  be 
noticed  that  the  base  line  does  not  represent  o  revolutions,  but 
£00.  This  was  done  that  the  variations  should  be  represented  on 
a  lai^e  scale,  and  to  make  the  figure  as  small  as  possible. 

In  the  diagram,  a  break  is  to  be  noticed  in  the  di(Terent  lines 
at  6-15.  It  would  have  been  more  exact  to  have  drawn  the  lines 
to  the  base  line  instead  of  breaking  them. 
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Mean  Card. — (Porter-Allen  Engine.) 


/7^.  £  shows  the  mean  of  all  the  indicator  cards  taken  during 
the  test,  the  mean  being  determined  as  before  described.  The 
dearance  line  is  drawn  at  each  end  of  the  diagram,  and  the  theo- 
retical (hyperbola)  expansion  and  compression  lines  have  been 
drawn.  The  scale  to  which  the  diagrams  are  drawn  is  twenty  five 
pounds  to  one  inch,  and  the  diagrams  in  the  original  are  made 
uniformly,  eight  (8)  inches  long. 
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Horter-Allen,  69'38  Horse-power,  8-45  P.  M„  Oci.  23,  1884. 
FIG-  3- 

Fig.  ^  is  a  reproduction  of  the  cards  taken  at  8-45  P.  M.,  Octo- 
ber 23d,  showing  69-38  horse-power.  This  card  was  chosen,  be- 
cause it  comes  more  nearly  to  the  mean  horse-power  than  any 
other  that  was  taken. 

The  pressures  corresponding  to  the  different  parts  of  the  stroke 
on  the  mean  indicator  card,  are  given  in  Table  I.  The  first  col- 
umn A  shows  the  points  of  the  stroke.  The  columns  headed  B, 
show  the  pressure  in  the  end  of  the  cylinder  away  from  the  shaft, 
while  making  the  stroke  towards  the  shaft  and  returning,  and  the 
column  headed  C,  shows  the  pressures  in  the  opposite  end.  The 
column  headed  D,  shows  the  quantity  of  dry  saturated  steam  used 
in  the  cylinder  per  horse-power  per  hour  from  the  indicator  cards, 
using  the  mean  number  of  revolutions  and  the  mean  horse-power, 
and  allowing  for  the  amount  of  steam  compressed  in  the  clearance. 
Re-evaporation  after  initial  condensation  is  clearly  shown  by  this : 
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A. 

C. 

B. 

PMtOf 

HMdEodC^tader. 

CrukXiHlCrUiKln. 

Sutkt. 

Ad™d..«. 

RMuminf. 

Ad*udD(. 

Beginniog. 

86j8 

70-00  " 

8782 

81-63 

Oearuiee,  63107  pd*. 

■OS 

86-aj 

38-00 

8772 

S986 

83-88 

20-79 

85-30 

36-42 

•a 

69-6a 

547 

77- 10 

11-13 

■3 

4fr6o 

2-O0 

547* 

3-18 

198733 

■4 

3»-8o 

16+ 

3970 

»sa 

ao-0799 

■s 

24-04 

1-40 

3042 

3-38 

303880 

■6 

1811 

1-32 

24.40 

240 

208786 

7 

'4-03 

lOS 

»i8 

1-43 

21-5601 

■8 

10-92 

9-6 

17-06 

«-63 

332940 

•9 

89a 

i-il 

"484 

3-.8 

33-3837 

■95 

681 

i-6o 

1274 

336 

End. 

188 

"85 

682 

4-3* 

The  amount  of  water  used  by  actual  weight  is  44-307  pounds 
per  horse-power  per  hour. 

No  explanation  is  ofTered  save  that  already  given  as  to  the 
cause  of  this  discrepancy,  between  the  amount  of  water  actually 
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Water  in  Cylinder,    (Poitcr-Allen.) 
Fia.  4. 
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used  in  the  cylinder  and  that  shown  on  the  indicator  cards.  The 
calorimeter  test,  which  cannot  be  relied  upon  as  accurate,  showed 
an  average  of  7-56  per  cent,  of  moisture  in  the  steam.  At  9  the 
stroke  where  the  amount  of  water  shown  by   the   cards  is  the 

greatest,  the  weight  of  water  would  be  only  -^ — -    =    25-295 

pounds,  whereas  44-307  pounds  actually  passed  through  the 
cylinder. 

Fig.  4  shows  the  amount  of  dry  saturated  steam  which  should 
have  been  present  in  the  cylinder  at  the  different  points  of  each 
stroke,  together  with  their  sum,  the  upper  line  being  simply  a 
graphic  representation  or  column  D,  of  Table  I. 
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BUCKEYE  ENGINE. 

Testbegan. 6  P.  M.,  October  31,  1884. 

"    ended 4  A.  M.,  November  i,  1884. 

Diameter  cylinder 10     inches. 

Stroke 30 

Diameter  piston  rod i>i 

"       steam  pipe,  . 3^ 

"       exhaust   " 4           " 

Area  steam  ports H^^H  inches. 

"    exhaust    "      ■ ^  1 8jC      " 

Diameter  fly  wheel, 84  inches. 

Face  of      "       "         19      " 

Weight  of  fly  wheel 3200  pounds. 

Weight  of  engine  complete 9800      " 

Displacement  (measured)— 

Crank  end 146448  cubic  inches. 

Head  end, 155736    " 

Clearance  (measured)  to  face  of  cut-off- 
Crank  end,     47'9S    " 

3'27j6displacem"t. 

Head  end, 53'S7  inches. 

"        "        3'44?E  displacem't. 

Water  used  in  engine,           i68o3'3o  pounds. 

Total  time  engine  in  operation 10  hours. 

Mean  revolutions  per  minute 2oi'ii 

Maximum     "          "        " 2oy6 

Minimum,    "          "        " I94'4 

Variation  from  mean  speed. +  2'23  per  cent. 

—  333    "     " 

Mean  indicated  horse-power 54'33 

Maximum,  "          "        "          S6'27 

Minimum,    "          "        "         52'35 

Mean  temperature  of  steam  at  engine 333'83° 

Maximum,  "                   "               " 390'° 

Minimum,  "                   "               " 304'S'' 

Mean  pressure  of  steam  at  engine 9804 pounds. 

Maximum  "              "              "           io7'y>    " 

Minimum  "              "              "           89*80    " 

Mean  barometer .  30*012 

Mean  temperature  of  air, 46° 

Mean  power  required  to  run  the  engine  with  the 

load  off, 5-26  H.  P. 

QUAUTY   OF  THE  ST&AH. 

The  quality  of  the  steam  from  one  observation,  lasting  from 
7'35  to  9*00  P.  M.,  showed  the  steam  to  contain  7-6  per  cent,  of 
moisture. 


The  results  of  this  test  are  shown  graphically  in  Fig.  $.  The 
lines  are  drawn  in  the  same  way  as  already  described  for  h'ig.  i, 
the  only  difTerence  being  a  slight  change  of  scale. 


Mea.n  Ca.rd.    (Buckeye  Engine.) 
Fio.  6. 
Fig,  6  shows  the-mean  of  all  the  indicator  cards  taken  during 
the  test,  the  mean  being  determined  as  before  described. 


Buckeye,  54-34.  Horse-power,  ii.ao  P.  M..  Oct.  31,  1884. 
Fia  7. 
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Fig.  7  is  a  reproduction  of  the  cards  taken  at  irzo  P.  M., 
October  31,  1884,  showing  54-34  horse-power.  This  card  was 
chosen  because  it  conies  more  nearly  to  the  mean  horse-power 
than  any  other  that  was  taken. 

The  pressures  corresponding  to  the  different  parts  of  the'stroke, 
which  would  give  the  mean  indicator  card,  are  given  in  Table  II. 

The  Hrst  column  A  shows  the  points  of  the  stroke,  B  is  the 
pressure  in  the  end  of  the  cylinder  away  from  the  shaft,  while  the 
piston  is  making  the  stroke  towards  the  shaft  and  returning.  C  is 
the  pressure  in  the  opposite  end.  D  is  the  quantity  of  dry  satu- 
rated steam  in  the  <^linder  per  horse-power  per  hour  from  the 
indicator  card,  using  the  mean  number  of  revolutions  and  the  mean 
horse-power,  and  allowii^  for  the  amount  of  steam  compressed  in 
the  clearance. 


A. 

B. 

c. 

D. 

Part  of 

Hewl  End  Cyllndv. 

CrKokEndCylipder. 

SteuD  Accounted  for  in 

S>»k. 

Bolh  End.  of  Cylinder. 

Advudiig. 

Rctunilnl. 



9058 

787a 

90-95 

76-52 

•°s 

90-49 

31-83 

90-95 

20-34 

■1 

8946 

6-94 

8986 

640 

■* 

76-76 

'■79 

80-41 

1-39 

■3 

49^5 

161 

5*^94 

1-14 

17-310 

-4 

3S-04 

I -SO 

37^40 

i-oS 

>7'743 

■5 

a638 

.■38 

.    38-18 

■94 

18-370 

■6 

«.40 

i-oo 

ai-fi* 

•90 

18-713 

■7 

16-29 

■56 

16-98 

■9a 

19-336 

13-12 

■43 

13-40 

I-04 

.9689 

■9 

10-39 

■S2 

10-65 

1-32 

30-063 

■95 

8-28 

■68 

9-36 

■1-49 

^.   , 

'■95 

1-95 

376 

3-40 

Amount  of  water  used  by  actual  weight  = 


16803-3 


=  30-93 


10  X  54-32 
pounds. 

This  engine  was  immediately  adjacent  to  the  boiler. 

As  the  calorimeter  test  shows  but  7-6  per  cent,  of  moisture,  it  is 
evident  that  the  steam  shown  on  the  card  and  that  actually  pass- 
ing through  the  cylinder,  vary  greatly. 
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Parts  of   Stroke. 

Steam  in  Cylinder.    (Buckeye  Engine.) 

FiaS. 

Fig.  8  shows  the  relative  weights  of  dry  saturated  steam  that 
should  be  present  (theoretically)  in  the  cylinder  at  different  points 
of  the  stroke,  together  with  the  amount  per  horse-power  per  hour, 
as  showq  in  Table  II. 

The  power  given  off  by  this  engine  was  transmitted  directly  to 
a  Van  Depoele  dynamo  mounted  on  a  Brackett  dynamometer 
cradle,  and  readings  were  taken  from  this  dynamometer  while  the 
indicator  cards  were  being  taken.  As  the  dynamometer  was  after- 
wards shown  to  be  inaccurate,  the  results  are  here  omitted.  It  is 
to  be  regretted  that  circumstances  did  not  allow  of  a  special  test  to 
determine  the  net  horse-power  delivered. 

SOUTHWARK   ENGINE. 

Testbe^n, i  P.M., Novembers,  1884. 

"ended is'oaA.  M.,  "        9,1884. 

Diameter  cylinder, 9  inches. 

Stroke, 10      " 

Diameter  piston  rod i>i  " 

"        steam  pipe 3      " 

"        exhaust " 3>i  " 

Area  steam  port 57  square  inches. 

"    exhaust  " 57        " 

Diameter  fly  wheel  (belt  drum) 40  inches. 

Face  of           "       8>i  " 

Weight  of       "       400  pounds. 
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Weight  of  engine,  complete,  2,600  pounds. 

Displacement  (measured) — 

Crank  end, 6o6'03  cubic  inches. 

Head  end, 633'3i      "        " 

Clearance,  (measured)— 

Crank  end, 66-i        " 

" 1091  %  displacem't. 

Head  end, 70'42  cubic  inches, 

"        "       III!  S6  displacem't. 

Water  used  in  engine,  1479207  pounds. 

Total  time  engine  in  operation, 11  hours,  2  minutes. 

Mean  revolutions  per  minute 305'<j6 

Maximum  "  "  309"87 

Minimum  "  "  301- 

Variation  from  mean  speed +>'57  pc  cent 

—133    "     '■ 

Mean  horse-power  of  engine, 29-1 1 

Maximum  '■  "        "        46'82 

Minimum    "  "         "         I4'97 

Mean  temperature  of  steam  at  engine 32916° 

Maximum  "  "  "  ....  ^^S'" 

Minimum  "  "  "  ....  ^ly" 

Mean  pressure  "  *•  ....      87"S8  pounds. 

Maximum  "  "  "  ....      96-0        " 

Minimum  "  "  "  ....      68-5 

Mean  "  "  at  boiler 92'97      " 

Maximum  "  "  "  ....  ioi'3        " 


Mean  barometer ■  30256 

Mean  thermometer, 

Mean  horse-power  delivered,  as  shown  by  Tatham's 

dynamometer 23'44 

Maximum  horse-power  delivered,  as  shown  by 

Tatham's  dynamometer,   ....'....       43' ij 
Minimum  horse-power  delivered,  as  shown  by 

Tatham's  dynamometer 9'I3 

Mean  horse-power  required  to  run  engine  with 

belt  off, 468 

QUALITY  OF  THE  STEAU. 

From  310 to  4-10?.  M.,  November  8th,  steam 

contained, 67    S  moisture. 

From  950 to  lo'ss  P.  M.,  November  8th,  steam 

contained, g'lj  ?6        " 

Mean  quality  of  steam,  containing 7*92  ft        " 

The  results  of  this  test  are  shown  graphically  in  Fig.  ^.     In 


25 

addition  to  the  lines  which  have  already  been  described,  there  is 
one  marked  "  Horse-power  from  dynamometer,"  which  repre- 
sents the  horse-power  delivered  by  the  engine  to  the  Tatham 
Dynamometer. 
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Mean  Card.    (Southwark  Engine.) 


Fig.  lo  shows  the  mean  of  all  the  indicator  cards  taken  during 
the  test,  the  mean  being  determined  as  before  described. 


Southwark,  39*21  Horse-power,  Nov.  8,  7*15  P.  M.,  1884. 

Flo,  II. 

Fig.  II  is  a  reproduction  of  the  cards  taken  at  7-15  P.  M^ 

November  8,  1884,  showing  3g-3i  horse-power.     This  card  was 

chosen,  because  it  ,comes  more  nearly  to  the  mean  horse-power 

than  any  other  that  was  taken  during  the  test. 
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The  pressures  corresponding  to  the  different  parts  of  the  stroke, 
which  would  give  the  mean  indicator  card,  are  given  in  Table  III. 

The  first  column  A  shows  the  points  of  the  stroke. .  B  is  the 
pressure  in  the  end  of  the  cylinder  away  from  the  shaft,  while  the 
piston  is  making  the  stroke  towards  the  shaft  and  returning.  C  is 
the  pressure  in  the  opposite  end.  Z?  is  the  quantity  of  dry  satu- 
rated steam  in  the  cylinder  per  horse-power  per  hour  from  the 
indicator  card,  using  the  mean  number  of  revolutions  and  the 
mean  horse-power,  and  allowing  for  the  amount  of  steam  com- 
pressed in  the  clearance. 

Table  III. 


A. 

D. 

Putot 

Hod  End 

Cylinder. 

CnnkEp 

^Cylinder. 

Sleim  AccDiuited  fen 

StiDke. 

AdY<u.dng. 
g6-So 

8756 

Adnndng. 
84-99 

Relurnlnc. 

both  Endi  orCytind 

«ginniDg. 

67-14 

■OS 

S6-08 

66  z  I 

8499 

50-55 

■I 

83.90 

47'38 

8431 

35-02 

■2 

7669 

»5'56 

71-05 

.692 

•3 

6258 

H-'S 

S2'62 

7-00 

»78i 

■4 

47-5' 

6-36 

3940 

2-44 

21-201 

■5 

37'97 

2-17 

3'-84 

.■36 

22155 

■6 

32-06 

0'44 

JS'6o 

108 

23-107 

7 

267s 

^■°7 

2090 

■69 

23676 

■8 

«-38 

O-II 

17-08 

■42 

24-045 

■9  ■ 

i8a4 

049 

V74 

■58 

■95 

IIW 

1-46 

5*7 

t<i6 

End, 

J-47 

277 

1-98 

t-80 

The  amount  of  water  used  by  actual  weight  per  horse-power  per 
hour  =      '4792-07      ^  460J  pounds. 

The  load  on  this  engine  consisted  of  the  Tatham  dynamometer 
and  a  friction  brake,  and  the  variation  in  thislatter  caused  the  great 
variation  in  the  horse-power  lines  on  Fig  p. 

Fig-.  12  shows  the  relative  weights  of  dry  saturated  steam  that 
should  be  present  (theoretically)  in  the  cylinder  at  different  points 
of  the  stroke,  together  with  the  amount  for  horse-power  per  hour, 
as" shown  in  Table  III. 
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REGULARITY  OF  SPEED. 


A  good  idea  of  the  regularity  of  speed  can  be  obtained  from 
Pigs.  1, 5  and  6,  which  show  the  average  number  of  revolutions 
made  by  the  engine  for  each  ten-  or  fifteen  minutes,  as  the  case  may 
be.     This  only,  however,  gives  the  mean  speed  for  successive  inter- 


vals of  time,  and  does  not  show  the  time  required  to  make  sue* 
cessive  revolutions,  which  would  be  a  more  accurate  test  of  the 
regularity.  Fig.  ij  is  a  specimen  of  the  record  taken  to  deter- 
mine the  time  of  successive  revolutions.  Fig.  z^  shows  the  results 
of  these  experiments  graphically,  the  horizontal  distances  being 
the  successive  revolutions,  and  the  vertical  distances  being  the 
time  it  takes  to  make  each  revolution,  the  unit  of  time  being  that 
of  the  double  vibration  of  a  tuning  fork  making  about  ninety-eight 
double  vibrations  per  seconds. 

During  both  the  Porter-Allen  and  the  Southwark  tests  a  num- 
ber of  diagrams  were  taken,  but  only  the  results  of  those  showing 
the  last  and  greatest  variation  in  speed  are  shown  in  Fig.  14.  The 
following  table.  No,  IV.,  gives  the  time  o(  making  successive  revo- 
lutions in  beats  of  the  tuning  fork,  and  they  can  be  reduced  to 
revolutions  per  minute  by  dividing  with  5,880  =  (98  x  60)  : 
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Tablb  IV. 


p»„. 

A..„. 

So^w„«. 

HlDimum  ViriadoB. 

M^lm.™  V„,.a™. 

MInbxun  VuiuioB. 

Uaxinum  V. 

aS-9' 

26-51 

'875 

19-3 

25-96 

1472 

19-00 

19- 1 

a6i3 

35'S6 

190 

19-a 

36-00 

19-0 

19-3 

a6-oo 

25-30 

19« 

tS-8 

>6o7 

2560 

ig-o 

187 

a6t« 

25-43 

189 

18-7 

afroi 

*5SS 

18-9 

i8-8 

a6-oo 

25-41 

19-0 

19-0 

a6-io 

»S43 

189 

190 

a6i3 

=5-57 

19-0 

19-0 

"S'SS 

^57' 

190 

190 

The  nearly  continuous  line  of  Fi^.  ij  is  from  the  armature, 
making  record  of  the  revolutions  of  the  engine,  and  as  the  circuit 
was  broken  at  only  one  point  in  the  revolutions,  the  tracing  point 
would  make  a  continuous  line,  except  during  one  small  interval. 
The  dots  right  under  this  line  are  made  by  the  other  armature, 
connected  with  the  tuning  fork.  Fig.  1$  will  show  the  man- 
ner of  connecting  and  using  the  apparatus.  All  the  appa- 
ratus shown  in  the  figure,  excepting  the  piece  marked  T  and 
the  cells  V,  Wand  X,  is  on  one  base  and  works  as  follows:  The 
tuning  fork  Zis  kept  in  vibration  by  means  of  the  single  Leclanche 
cell  ..y^,  which  is  connected  to  the  binding  posts  ..4  and  ^.  ^4  is 
connected  directly  to  the  tuning  fork  E,  as  the  whole  apparatus 
rests  oii  an  iron  base,  and  B  and  A  are  not  insulated.  The  current 
passes  from  X  to  B,  then  around  the  magnet  G,  then  to  the  insu- 
lated contact  piece  F,  through  the  contact  piece  to  the  fork  Z,  from 
E  to  A,  and  back  to  the  cell  X. 

The  vibration  of  the  fork  makes  and  breaks  contact  at  F, 
magnetizing  and  demagnetizing  G  and  keeping  the  fork  vibrating 
with  about  a  constant  amplitude  of  vibration. 

The  drum  P  is  the  drum  on  which  the  records  are  made.  N 
and  O  are  two  small  magnets  with  their  armature  balanced  hori- 
zontally in  such  a  way  that  while  the  circuit  is  closed  through 
them,  the.  points  a,  a,  rest  against  the  drum,  and  when  the  circuit 
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is  open  a  light  spring  draws  the  points  clear  of  the  drum.  The 
magnet  0  is  the  one  represented  as  recording  the  vibrations  of  the 
fork.  The  binding  posts  /  and  A"  are  connected  to  the  coil  of  the 
magnet. 

The  current  from  the  cell  JV  passes  from  iV  to  the  uninsulated 
post  C.    From  C  through  the  frame  to  the  fork  Z,  through  the 


contact  piece  to  the  insulated  post  H,  which  is  connected  to  the 
binding  post  />,  also  insulated.  B  is  connected  to  /  and  the 
current,  after  passing  through  the  coil  of  the  magnet,  passes 
through  K  back  to  the  cell  tV,  As  the  current  is  broken  at  II 
the  point  a  is  raised  from  the  drum  P,  and  as  soon  as  the  circuit  is 
closed,  the  point  a  again  rests  on  the  drum  P. 
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The  record  of  the  other  magnet  is  made  as  follows :  T  is  the 
break  circuit  piece.  It  consists  of  two  brass  pieces,  S  and  T, 
insulated  from  each  other  and  connected  to  the  binding  posts  R 
and  Q.  £/is  a  contact  screw.  5  is  put  in  such  a  position  that  a 
projection  on  the  engine  strikes  5  once  a  resolution,  breaking 
contact  with  U.  Connections  are  made,  as  shown,  to  the  magnet 
N,  and  when  the  circuit  is  closed,  the  current  flows  through 
M,  N,  L,  R,  S,  U,  7,  Q,  and  back  to  the  cell  V,  in  the  order 
named. 

In  addition  to  the  records  made  by  this  apparatus  the  following 
experiment  was  made  on  the  Porter-Allen  engine.  The  projecting 
end  of  the  shaft  was  covered  with  blackened  paper,  and  while  the 
engine  was  in  operation  a  point  attached  to  one  arm  of  a  tuning 
fork  was  brought  against  the  paper  for  a  single  revolution.  This 
■was  repeated  a  number  of  times. 

A  straight  line  was  drawn  on  the  paper  cutting  the  marks  made 
by  the  fork,  and  the  distance  between  successive  vibrations  has 
been  plotted.  The  results  are  shown  in  Fig.  i6.  The  ordinates 
are  the  actual  distances  between  vibrations  in  inches.  The  abcisss 
are  equal  intervals  of  time  during  one  revolution.  The  points 
marked  D  represent  the  dead  points.  An  examination  will  show 
that  the  changes  in  speed  do  not  take  place  at  any  particular  place 
in  the  stroke,  and  none  of  the  diagrams  taken  show  any  more 
marked  variation  than  those  in  the  figure. 

The  thanks  of  this  Committee  are  due  to  the  following  parties: 

The  Crosby  Steam  Gauge  and  Valve  Company,  Boston,  Mass., 
for  planimeters,  gauges,  indicators  and  test  pumps,  all  of  which 
proved  of  excellent  workmanship. 

The  American  Steam  Gauge  Company,  Boston,  Mass.,  for 
Tabor  indicators,  which  worked  well.  A  Mosscrop  speed  indicator, 
loaned  by  the  same  firm,  was  not  used. 

Riehle  Brothers,  Philadelphia,  Pa.,  for  use  of  scales. 

M,  B,  Edson,  for  a  very  accurate  recording  and  alarm  gauge. 

The  students  of  the  Department  of  Dynamical  Engineering, 
University  of  Pennsylvania,  already  mentioned  in  "  Report  on 
Boilers,"  for  services  as  observers  and  computers. 

As  none  of  the  exhibitors  made  application  for  a  competitive 
test  as  prescribed  under  the  code,  all  tests  are  quantitative.  The 
uncertainty  of  the  Committee  as  to  the  correctness  of  the  calori- 
metric  observations,  and  the  fact  that  the  engines  were  placed  at 
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very  different  distances  from  the  boiler  feeding  them,  cause  the 
Committee  to  submit  their  results  without  an  expression  of  opinion. 

W.  D.  Marks,  Chairman. 

Chas.  E.  Ronaldson. 

W.  B.  LeVan. 

Committee  Present. 

H.  W.  Spangler,  Secretary. 
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1 884— INTERNATIONAL  ELECTRICAL  EXHIHITION-i  884 
Franklin  Instituth,  Philadelphia,  Pa. 


REPORT  OF  EXAMINERS. 


Section  XII. — Gas  Engines  and  other  Prime  Motors. 


To  the  Board  of  Managers  of  the  Franklin  Institute  : 

Gentlemen  : — I  have  the  honor  to  transmit  herewith  the  report 
of  the  Examiners  of  Section  XII.  on  "  Gas  Engines  and  other  Prime 
Motors."  Respectfully,  M,  B.  Snvder, 

Chairman  Board  of  Examiners: 
Philadelphia,  June,  1885. 


Professor  M.  B.  Snyder,  Chairman  Board  of  Examiners,  Inter 
national  Electrical  Exhibition : 

Sik: — The  Examiners  in  Section  XII.  (on  "Gas  Engines  and 
other  Prime  Motors,")  respectfully  present  the  following  report. 


Ithaca,  N.  Y.,  June,  18 


J.  Burkitt  Webb, 

Chairman  of  Section  XII. 
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GAS  ENGINES  and  other  PRIME  MOTORS. 

Upon  the  organization  of  Section  XII.,  it  was  found  that  their 
work  would  probably  be  limited  to  the  examination  of  gas  engines; 
it  was  therefore  decided  to  adopt  a  code  for  these  only,  and  to  pre- 
pare for  tests  of  a  scientific  character,  which  might  solve  doubtful 
points  in  the  operation  of  these  engines,  and  a  committee  was 
appointed  to  draft  such  a  code. 

At  the  next  meeting  of  the  Section,  the  following  code  was 
reported  by  the  committee  and  was  adopted  by  the  Section,  and 
a  further  committee  was  charged  with  the  duty  of  making  definite 
arrangements  with  the  exhibitors  of  gas  engines,  whereby  they 
should  submit  certain  engines  to  be  tested  by  the  Section  in 
accordance  with  the  code  and  any  necessary  additional  arrange- 
ments. 


[Approved,  September  8,  18S4,  by  Section  XI  t.  of  the  Board  of  Examiners 
of  the  International  Eieclrical  Exhibition  of  the  Franklin  Institute,  Phila- 
delphia, Pa.] 

The  aim  of  the  experiments  will  be  two-fold  : 

1.  A  Practical  Test  to  determine  the  efficiency  of  the  engines  exhibited 
under  conditions  regarded  as  the  most  favorable  by  their  makers,  with  a  view 
solely  to  the  acquirement  of  practical  information  regarding  the  economy  and 
reliability  of  the  several  engines. 

Such  determination  will  consist  of: 

(a.)  A  ten-hour  test  under  maximum  load. 

(6.)  A  ten-hour  test  under  minimum  load. 

(f .)  A  ten-hour  test  under  average  load,  the  engine  being  stopped  at  the 
end  of  each  hour  and  the  time  lost  in  re-starting  noted. 

The  data  collected  will  consist  of; 

(l.)  Indicator  cards. 

{2.)  Prony  brake  readings. 

(3.)  Velocity  and  regularity  of  rotation. 

(4.)  Total  number  of  revolutions. 

( $.)  Total  number  of  explosions. 

(6.)  Temper^ures  of  entering  gas  and  air. 

(7.)  Temperature  of  exhaust  gas. 

(8.)  Temperature  of  entering  water. 

(9.)  Temperature  of  escaping  water. 
(10.)  Pressures  of  entering  gas  and  air. 
(11.)  Analysis  of  entering  gas. 
(i3.)  Analysis  of  escaping  gases. 
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II.  A  SciEKTiFic  Test  to  determine  certain  details  of  the  action  of  the  gas 
inside  the  cylinder,  valuable  and  desirable  in  view  of  the  imperfect  state  of 
our  Icnowlage  of  gas  engines  from  a  theoretical  standpoint. 

For  this  purpose  some  one  engine  will  be  selected  ajid  the  attempt  made 
to  obtain  the  following  data,  in  addition  to  those  secured  in  the  practica.1  test. 

(t.)  Temperature  of  gases  after  explosion;  by  means  of  the  electrical 
resistance  of  line  platinum  wire  placed  in  the  cylinder. 

(a.)  Effect  of  varying  amounts  of  compression. 

(3.)  Effect  of  varying  mixtures. 

(4.)  Effect  of  compressing  the  gas  and  using  it  through  a  reduction-of-pres- 
sure  regulator. 

(5.)  Effect  of  heating  the  entering  gas. 

(6.)  Inflammability  of  the  charge  by  an  electric  spark  at  different  points  of 
the  cylinder. 

(7.)  Effects  of  variations  of  speed  and  changes  of  valve  settings,  etc. 

(S.)  Dissociation  experiments. 

After  conference  with  the  exhibitors,  the  committee  reported 
that  they  were  unwilling  to  submit  their  gas  engines  to  the  tests 
proposed  by  the  committee ;  no  such  tests  were  therefore  made, 
and  the  report  is  confined  to  simple  notices  of  the  engines  exhibited. 

The  Clerk  Gas  Engine  Company,  of  Philadelphia,  exhibit  two 
of  their  engines  of,  respectively,  eight  and  ten  horse-power,  which 
drive  Ball  unipolar  dynamos,  six  arc  lights  being  maintained  by 
the  smaller  engine  and  eighty  incandescent  lights  by  the  larger. 
This  engine  is  constructed  with  two  cylinders — a  working  cylinder, 
in  which  a  mixture  of  gas  and  air  is  exploded  at  each  revolution, 
and  a  "  displacer  "  cylinder,  by  which  the  remnants  of  the  waste 
gases  are  blown  out  of  the  working  cylinder  and  a  fresh  chaise  ot 
the  explosive  mixture  furnished. 

The  pressure  in  the  "  displacer  "  cylinder  is  never  over  five 
pounds,  the  volume  is,  however,  greater  than  that  of  the  working 
cylinder ;  its  piston  is  driven  by  a  crank  a  quarter  revolution  in 
advance  of  the  working  crank.  During  the  first  half  of  its  stroke, 
it  sucks  in  a  combustible  mixture  of  gas  and  air,  while  during  the 
remainder  of  the  stroke  only  air  is  admitted ;  the  first  half  of  the 
return  stroke,  therefore,  must  force  this  half  cylinder  full  of  air  into 
and  through  the  working  cylinder,  and  the  combustible  mixture 
will  be  forced  into  it  during  the  last  half  of  the  stroke.  Owing  to 
the  relation  of  the  cranks  this  first  half  of  the  return  stroke  corres- 
ponds to  the  last  eight  of  the  outward  and  the  first  eight  of  the 
return  stroke  of  the  working  cylinder ;  the  air,  therefore,  washes 
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out  and  cools  the  latter  while  the  piston  is  at  the  outward  end  of 
it.  The  exhaust  of  the  working  cylinder  is  by  means  of  annular 
ports  uncovered  by  the  piston  at  the  outward  end  of  its  stroke,  and 
in  order  that  the  air  may  escape  and  the  combustible  mixture  be 
birly  in  the  cylinder  before  these  ports  are  closed,  the  volume  of 
the  "  displacer  "  cylinder  is  made  larger  than  that  of  the  working 
cylinder  plus  its  "  clearance."  The  return  stroke  of  the  working 
piston  compresses  the  mixture  to  say  fifty  pounds  pressure  per 
square  inch,  and  it  is  then  exploded,  the  pressure  rising  to  from 
200  pounds  to  250  pounds.  The  charges  are  fired  by  means  of  a 
Bunsen  burner  and  "  ignition  slide."  These  engines  have  also  an 
attachment,  by  means  of  which  compressed  gas  is  used  for  starting 
them.  This  consists  principally  of  a  reservoir,  into  which  the 
"displacer"  cylinder  can  be  made  to  compress  the  combustible 
mixture  to,  say,  seventy  pounds  pressure.  This  is  effected  by  a 
valve,  which  prevents  the  mixture  from  entering  the  working  cyl. 
inder;  the  compression  is,  therefore,  accomplished  by  the  stored 
enei^  of  the  fly  wheel  and  must  be  done  a  little  at  a  time  so  as 
not  to  stop  the  engine.  Following  is  a  cut  and  indicator  diagram 
of  these  engines,  with  dimensions  and  wdghts  of  various  sizes ; 
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Schleicher,  Schumm  &  Co.,  of  Philadelphia,  exhibit  three  of 
their  standard  "Otto"  Silent  Gas  Engines,  respectively  of  four, 
seven  and  fifteen  horse-power,  the  two  former  driving,  the  first  a 
254ight  Edison  dynamo,  and  the   second  a  40-Iight    Bernstein. 


These  engines  have  but  one  cylinder,  in  which  the  combustible 
mixture  is  compressed  and  exploded  during  alternate  revolutions. 
It  is  claimed  that  this  engine  possesses  the  least  number  of  work- 


ing   parts,  and   the   greatest   simplicity   of  mechanism   ever  yet 
attained  in  a  gas  engine,  or  even  in  many  steam  engines. 

Messrs.  Queen  &  Co.,  of  Philadelphia,  exhibit  a  small  steam 
engine,  using  petroleum  as  a  fuel  and  suited  for  use  in  the  lecture 
room. 

The  boiler  of  this  engine  consists  of  a  cast-iron  water-back,  from 
which  project  about  fifty  horizontal  cast-iron  tubes,  9  inches  long  by 
ij^  inches  diameter,  the  whole  surrounded  by  a  double  sheet-iron 
jacket  open  underneath  and  terminating  above  in  a  pipe  for  con- 
nection with  a  chimney.  Among  these  tubes  is  blown  the  flame 
from  a  petroleum  atomizer,  operated  by  live  steam  from  the  boiler 
and  controlled  by  a  pressure  diaphragm,  which  shuts  off  the  supply 
of  steam  when  the  boiler  pressure  rises  above  the  right  amount. 
This  arrangement,  entirely  automatic,  maintains  the  steam  at  a 
fixed  pressure  whether  the  engine  be  running  or  not.  The  supply 
of  water  is  also  regulated  automatically  by  a  float.  Besides  the 
arrangements  described,  there  are  also  the  usual  steam  gauge, 
safety  valve  and  water  glass.  The  engine  is  enclosed  in  a  cast-iron 
case  into  which  it  exhausts,  it  is  supplied  with  a  self-oiler  and  the 
case  has  a  pan  bottom,  in  which  the  oil  and  condensed  water  col- 
lect, and  from  which  they  are  splashed  by  the  crank,  etc.,  over  the 
whole  engine,  thus  keeping  it  well  oiled.  The  engine  is  an  inverted 
one,  having  two  single  acting  cylinders  end  to  end  above  the  crank, 
with  steam  chest  and  simple  cock-valve  between  them.  The 
pistons  have  no  packing  and  are  united  by  a  piston  rod,  also  with- 
out packing,  running  through  the  steam  chest,  the  connecting  rod 
being  hinged  to  the  lower  piston.  The  simple  cock  valve  is  oper- 
ated by  a  movable  eccentric,  whose  position  is  controlled  by  centri- 
fugal force  acting  in  opposition  to  a  spring,  and  the  supply  of  steam 
is  thus  controlled ;  the  engine  has  therefore  an  automatic  cut-off. 
The  exhaust  is  by  means  of  annular  ports  in  the  walls  of  the  cylin- 
ders, which  are  uncovered  by  the  pistons  at  the  ends  of  the  stroke. 

At  the  request  of  Messrs.  Queen  &  Co.,  and  in  presence  of 
their  representative,  a  short  test  was  undertaken  October  18,  1884, 
to  ascertain  the  working  qualities  of  the  engine,  and  with  the  fol- 
lowing results : 

To  start  the  engine  it  was  run  backwards  a  few  times  by  hand, 
and  air  was  thus  compressed  into  the  boiler,  sufficient  to  run  the 
atomizer  until  there  was  a  pressure  of  steam  sufficient  to  run  it; 
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in  a  few  minutes  the  pressure  stood  at  103  pounds.  The  coal  oil 
and  water  were  then  weighed  and  the  temperature  taken,  the  brake 
adjusted,  and  the  test  commenced.  The  test  was  continued  for 
over  an  hour,  the  engine  running  at  about  joo  revolutions  per 
minute,  with  the  brake  adjusted  to  absorb  the  maximum  amount 
of  work,  and  it  was  found  difficult  to  maintain  the  steam  at  more 
than  seventy-five  pounds  pressure  with  the  full  load  on.  The  gen- 
■eral  result  of  the  test  was  that  the  engine  would  develop  four-tenths 
horse-power  with  a  consumption  of  five  pounds  fourteen  ounces  of  oil, 
and  twenty-six  pounds  ol  water  at  70"  Fahrenheit,  per  hour. 
Respectfully  submitted, 

J.  BURKITT  WEBB,  Chairman, 
S.  LLOYD  WIEGAND, 
W.  BARNET  LeVAN. 
LUTHER  L.  CHENEY. 
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INTERNATIONAL  ELECTRICAL  EXHIBITION,  1884. 
Franklin  Institute,  Philadelphia,  Pa. 


REPORT  OF    EXAMINERS. 
Section  XIV. — Batteeies. 


To  the  Board  of  Managers  of  the  Franklin  InelUute: 

Gentlemen  : — I  have  the  honor  of  herewith  transmittiiig  to  you 
the  report  of  Seetiona  XIV,  XV  and  XVI,  of  the  Board  of  Exami- 
ners. The  material  for  the  latter  two  Sections  was  but  meagrely 
represented  at  the  exhibition,  and  they  were  therefore  merged  with 
Section  XIV. 

Respectfully, 

M.  B.  Snydeb, 
Chairman  Board  of  Examiners. 


Philadelphia,  Febi-uary  Iff,  1882. 
Pit>f.  M.  B.  Snyder, 

Chairman  of  Board  of  Examiners, 

International  Electrical  Exhibition  : 
I  herewith  submit  the  report  of  the  Section  on  Batteries.  The 
factors  of  the  primary  batteries  were  measured  by  Prof.  Dolbear,  who 
was  aided  in  the  readings  by  Dr.  William  Drysdale  and  Prof.  Greene. 
The  measurements  of  secondary  batteries  were  made  by  Prufs.  Van 
Dyck  and  Greene,  aided  in  the  readings  by  Drs.  Drysdale  and  James, 
Prof.  Sadtler  and  Mr.  J.  Morgan  Eldridge.  Mr.  P.  H.  Russell,  nota 
member  of  the  Board  of  Examiners,  was  of  valuable  service  in  the 
tests  of  both  primary  and  secondary  batteries,  and  the  examiners  hereby 
express  their  thanks. 

Respectfully, 

F.  C.  Van  Dyck, 

President  of  Section  XIV. 
Wm.  H.  Greene. 

Secretary  of  Sedion  XIV. 
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RKPORT  ON  BATTEKIES.— SECTION  XIV. 

There  were  ttiirteen  varieties  of  batteries  oSered  for  examination. 
Most  of  these  were  represented  by  as  many  as  two  cells  and  one  by 
five  cells. 

The  committee  was  not  asked  to  examine  any  cell  to  determine  its 
fitneffi  to  do  a  oertMn  kind  of  work.  It  therefore  considered  each  kind 
of  a  cell  as  a  device  for  furnishing  a  difference  of  electric-potential  in 
an  electrioKiireuit,  and  for  maintaining  a  current  of  electricity  for  such 
an  interval  of  time  as  was  at  the  disposal  of  the  committee  for  its 
observation. 

The  uses  to  which  a  galvanic  battery  may  be  put  are  so  various  and 
the  capabilities  of  different  cells  are  so  different  that  the  committee 
felt  some  embarrassment  at  the  outset  in  settling  upon  a  plan  of  obser- 
vations that  could  be  completed  in  the  limited  time,  which  would  be 
given  to  it,  and  at  the  same  time  not  do  injustice  to  a  class  of  galvanic 
cells  capable  of  excellent  work  in  a  way  different  from  that  of  another 
class. 

Roughly,  batteries  may  be  clf^jased  in  two  divisions,  namely :  I,  closed 
circuit  batteries  or  those  adapted  to  be  kept  in  constant  working 
circuittSuchasthevariousformsofDaniel'seells;  and  II,open  circuit  cells, 
or  those  adapted  to  intermittent  Bervice,and  which  require  more  or  less 
time  after  use  to  recover  their  ability  to  do  further  work  at  the  same 
rate  as  at  first,  as  is  the  case  with  the  various  forms  of  ammonium 
chloride  cells ;  but  in  the  majority  of  cases  when  a  battery  is  wanted  it 
is  wanted  for  immediate  current  strength,  and  a  knowledge  of  the  rate 
of  decrease  in  strength,  or  of  the  time  a  given  cell  may  be  depended 
upon  to  furnish  a  current  of  given  strength  will  enable  one  to  judge 
fairly  as  to  the  availability  of  a  given  cell  for  a  known  purpose. 

Now  the  current  which  a  given  cell  will  yield  at  any  instant 
depends  upon  the  electro-motive  force  of  the  cell  at  that  instant,  and 
the  total  resistance  in  its  working  circuit.  The  total  resistance  in  the 
circuit,  includes,  of  course,  the  internal  resistance  of  the  cell  itself, 
and  this  factor  is  a  very  variable  one,  and  most  discordant  results  are 
obtained  when  it  is  measured  under  different  circumstances;  such  for 
instance  as  with  small  and  with  great  external  rebalance.  It  happens 
also  that  the  electro-motive  force  of  a  cell  as  measured  by  the  diflfe- 
rence  of  potential  of  its  terminals,  and  the  electro-motive  foroe  avail- 
able in  a- closed  circuit  with  the  cell  may  be  very  different  quantitiea. 
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The  one  depending  npon  the  kind  of  materials  used  in  the  oell  and 
their  disposition,  the  other  varying  with  the  resistance  external  to  the 
cell. 

Hence  it  becomes  necessary  to  ascertain  the  electro-motive  force  of 
the  oell  without  a  circuit,  that  is  to  say,  the  di&rence  of  electric- 
potential  between  its  to-minaU  when  no  current  can  flow,  which  will, 
of  coarse,  be  the  total  electro-motive  force  in  any  circuit  of  which  it  may 
form  a  part.  The  determination  of  this  electro-motive  force  of  each 
cell  was  therefore  the  first  work  attempted,  and  the  committee  ohoee 
asastandard  of  electro-motive  force,  that  of  a  Daniel  cell  (Wiedemann 
pattern).  It  was  not  the  business  of  the  committee  to  fix  the  absolute 
value  of  this  cell  as  a  standard,  and  they  therefore  adopted  a  value 
nearly  that  generally  recognized  for  such  a  cell. 

The  following  deterrainatious  of  the  electro-motive  force  of  a 
Daniel  cell  have  been  made  by  different  persons : 

Sir  Wmiam  Thoirwon M22  Volta. 

Lord  Rayleigh 1*072 

KohlrauBch .; M38 

Daniel _ 1-124 

Clarke -Mi 

Barker - 1-02 

Corhart 1-122 

OrdlDiiry  asBigned  viOue 1-079 

The  method  of  determining  relative  electro-mottve  forces  was  such 
that  the  values  obtained  were  simply  proportional  to  the  deflections 
of  the  galvanom^r  needle  which  were  carefully  read  to  single  divi- 
sions of  the  scale. 

The  standard  Daniel  cell  used  gave  83  divisions  on  the  scale,  while 
a  Latimer-Clarke  Standard  cell  made  by  Weston  gave  110  divisions, 
and  a  Leclaucbe  cell  118.  The  electro-motive  force  of  a  Clarke's 
Standard  is  to  that  of  the  Daniel  as  110  to  83.  Assume  that  of  the 
Daniel  as  being  I'lO  volts,  and  that  of  the  Clarke  cell  becomes  r467 
volts  which  is  precisely  what  Clarke  ^ves  for  it.  If  Lord  Rayleigh'b 
determination  of  the  value  of  Clarke's  cell  1*435  volts  he  adopted, 
tlien  that  of  the  Daniel  should  be  1-082— a  trifle  more  than  that  gene- 
rally assigned  which  is  1-0/9. 

The  committee  adopted  I'lO  volts  as  being  the  standard  of  the 
electro-motive  force  of  the  Daniel  cell  and  all  computations  have  been 
made  on  that  assumption.     If  any  one  would  assign  a  difl^erent  value 
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from  the  one  here  employed,  he  is  furnished  will  all  the  data  necessaty 
for  calculating  the  electro-motive  force  of  any  cell  examined. 

The  method  of  determining  the  electro-motive  force  is  as  follows : 
The  hattery  to  be  examined  has  ita  terminala  touched  to  a  condenser 
for  an  instant  which  becomes~charged  to  the  eame  potential  as  the  cell. 
The  condenser  is  then  instantly  discharged  through  a  galvanometer 
and  the  defiection  noted. 

The  accompanying  diagram  will  serve  to  show  the  attachments  and 
working  of  this  method. 


l,]aUi«BatT«iiamet«r;  B,  Ita  Hbnnt;;  C,  tbe  ooudeDui;  •nd  B.  the  battery  to  !>•  t««l«4. 


When  the  k^  is  pressed  down,  the  battery  is  connected  to  the  ter- 
minals of  the  condenser,  which  becomes  charged,  and  when  the  key  is 
raised  the  oondenser  dischai^;es  through  the  galvanomdier,  and  the 
battery  is  thrown  out  of  circuit.  On  account  of  the  necessary  deli- 
cacy of  the  galvanometer,  it  is  essential  that  it  be  used  in  a  place  not 
subject  to  vibratory  movements,  nor  in  proximity  to  masses  of  iron  or 
magnets  or  electrical  currents.  No  place  about  the  exhibition  building 
oonld  be  found  free  from  these  disturbances,  but,  through  the  cour- 
tesy of  Dr.  Barker,  of  the  University  of  Pennsylvania,  we  were  pro- 
vided with  all  the  conveniences  we  needed ;  not  only  with  a  suitable 
room,  but  with  galvanometers,  shunts,  condenser,  Wheafstone's  bridge, 
etc.  The  galvanometer  had  a  reeistaoceof  3,732  ohms,  thecondenser  a 
capacity  of  ^  a  microfarad.  An  electrometer  reversing  key  was  used 
.  to  discharge  the  oondenser. 

With  this  apparatus  and  arrangement,  readings  of  the  deflections 
were  taken  for  each  cell;  seldom  more  than  five,  however,  if  tliey 
were  uniform,  which  was  generally  the  case. 
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Table  of  Ulectro-molive  Force  (/  Cetlt. 
Hame  of  Oell.  No.|Deflec.' 


Standard  Daniel.... 


IiocIaDcht  (oarboD  In  porona  Jar}—. 
"         "  Prism  Cell"  {Etno  In  poi 


dlaniond  CATbon.... 


Bergman  calomel « 


PaHc'*  amall  oell.... 


"      medical  oell ___._.... ,^-. 

"  "      unall  cell ~. — —._»—... 

Flemminit'B  modlfled  LMlanobt  (pwtable].... 

"  LeeUtiob*  pTlam .- ~ ~ 


ParU'l  larB*  cell... 


Diamond  carbon 

Blemena^Halake.  ..„., 
ntclt  «blorlne  cdl__ 


OiJdn  of  oopper  o«U_.. 


Batteries  difier  in  their  rate  of  output  of  electrical  enet^,  and  also 
in  their  constaucy.  It  is  true  that  if  one  knows  the  electro-motive 
force  of  a  circuit  and  its  reeistance,  he  may  know  the  strength  of  the 
current  in  that  circuit,  as  that  is  given  at  once  by  Ohm's  law ;  but  it  is 
also  true  that  when  a  battery  furnishes  the  electro-motive  foroe,  both 
the  electro-motive  force  and  the  resistance  of  the  cell  change,  each 
tending  to  lessen  the  strength  of  the  current ;  and,  as  both  fluctuate, 
it  is'of  but  little  use  to  depend  upon  what  is  ordinarily  called  the 
internal  resistance  of  the  cell  as  being  its  working  resistance.  For 
instance,  a  certain  cell  has  an  electro-motive  force  of  1'75  volts  on 
open  circuit  and'at  the  same  time  an  internal  resistance  of  I'ld  ohms. 
When  in  circuit  with  5  ohms  external  resistance,  observations  made 
every  half-minute  for  two  minutes,,  show  the  following  increase  of 
internal  resistance,  1-19,  1-25,  1-25,  1*31,  1*45,  which,  of  oouree, 
decreases  the  current.  Still,  as  there  is  a  wide  difference  between 
cells  as  to  their  potential,  de{>en<Iing  upon  their  internal  resistance, 
which  adapte  them  to  certain  kinds  of  work,  it  is  desirable  to  know 
its  value  in  order  that  one  may  know  about  what  to  expect  from  a 
given  cell.  Just  as  the  electro-motive  force  of  the  cell  was  determined 
in  open  circuit,  so  the  internal  resistance  of  the  cell  was  measured,  and 
is  as  nearly  as  possible  the  resistance  of  the  cell  as  a  conductor. 


3,  g&lvanometer ;  B,sbaDti  C,  ooDdemer ;  B,  baCterj' to  be  measnred;  R,  raiikble 


Each  cell  was  tested  for  its  internal  resistance  by  the  same  condenser 
method,  closing  the  circuit  of  the  battery  through  a  known  external 
resistance  and  without  any  delay  discharging  the  condenser,  which  was 


sbonted  upon  the  saniG  battery  terminals,  the  interval  never  being 
greater  than  a  quarter  of  a  second  between  the  closing  of  the  battery 
dtcuit  and  the  dischaige  of  the  condenser.  Thus  the  battery  was  not 
allowed  to  polarize  appreciably. 
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As  the  electro -motive  force  is  instantly  distributed  through  the  dr- 
cuit,  one  is  practically  measuring  the  difference  of  potential  between 
the  terminals  of  a  coil  having  a  known  resistance,  and  the  electro- 
motive force  in  any  part  of  the  circuit,  is  to  the  total  electro-motive 
force  in  the  circuit  as  the  resistance  in  the  part  is  to  the  whole  resist- 
ance. Let  E  be  the  total  electro-motive  force  in  a  circuit,  R  the  total 
resistance,  «  the  electro-motive  force  between  two  points  in  the  circuit 


having  a  known  resistance  r,  then   E  :  e  ::  R  :  r  and  R  =  — . 

jR  —  r  is  the  resistance  of  the  cell.  The  above  diagram  illugtrates 
the  lynnections  for  such  observations. 

In  order  that  this  value  of  R  should  be  the  true  value,  it  is  essen- 
tial that  the  battery  circuit  should  not  be  closed  long  enough  to  permit 
polarization.  This  may  be  effected  by  so  arranging  the  keys  that  both 
circuits  nmy  be  closed  by  the  same  movement  or  by  employing  a  sepa 
rate  key  and  closing  the  battery  circuit  first  and  as  soon  as  possible 
afterwards  the  other,  which  may  be  done  very  easily  within  the  fourth 
of  a  second,  by  counting  "  one,  two ;  one,  two  ";  at  tlie  rate  of  twice  a 
second ;  closing  the  battery  circuit  on  one  and  the  condenser  circuit  on 
two,  letting  up  both  instantly;  this  was  the  method  followed  in  this 
series  of  observations. 

The  known  resistance  in  R  of  the  digram  was  generally  one  of  tlie 
coib  in  a  Wheatstone  Bridge,  and  was  generally  oonsiderably  greater 
than  the  resistance  of  the  ceil  itself. 

The  above  table  gives  the  electro-motive  forces  and  resistances  thua 
measured. 

CUBKENT-eTRENQT^  OP  CEIAA. 

The  current  strength  in  any  conductor  with  a  given  resistance  is 
determined  by  the  difference  of  electrical  potential  between  the  termi- 
nals of  the  conductor,  and  varies  directly  as  such  diflerence  of  poten- 
tial. Also,  the  fall  of  potential  between  any  two  points  in  fi  conductor 
will  be  proportional  to  the  resistance  between  those  points.  It  follows 
that  the  current  strength  in  a  coil  may  be  accurately  determined  by 
measuring  the  resistance  of  tlie  coil  and  the  difference  of  potential  at 
its  terminals.  The  resistance  of  a  coil  of  wire  may  be  measured  with 
very  great  precision,  and  the  difference  of  potential  by  the  method 
described  is  accurate  to  two  decimal  places  when  the  readings  are  to 
single  divisions  on  the  scale,  which  we  deemed  sufficiently  close  for 
this  purpose. 

By  observing  the  deflection  produced  by  the  condenser  with  open 
circuit,  one  determines  the  total  electro-motive  force  of  the  circuit,  by 
observing  the  deflection  produced  on  any  closed  circuit,  one  determinea 
the  reUtive  electro-motive  force  between  the  points  chosen.  In  the 
present  instance  the  external  resistance  was  generally  2'17  ohms,  it 
being  made  up  of  a  galvanometer  noil  having  a  resistance  of  '66  of 
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an  ohm  and  a  small  free  coil  with  a  resistance  of  1'61  ohm.  As  the 
electro-motive  forces  are  proportional  to  the  deflections,  and  the  resist- 
ance external  to  the  cell  is  constant,  the  current  strength  is  propor- 
tional  to  the  deflections.  When  obeervations  are  made  at  intervals  for 
several  minutes  the  difference  of  potential  is  generally  found  to  fall, 
owing  chiefly  to  the  increase  of  resistance  in  the  cell.  The  following 
table  gives  the  strengtl)  of  current  in  amperes  furnished  by  each  cell 
named,  for  a  time  given  in  minutes  indicated.  The  external  resistance 
bang,  as  already  stated,  2' 17  ohms  generally. 

This  table  has  nothing  to  say  as  to  the  life  of  a  cell.  There  was 
not  time  enough  at  the  disposal  of  any  member  of  the  Committee  to 
run  each  cell  down  to  its  miDimum  working  capacity.  Tn  order  to  do 
such  work,  it  would  be  necessary  to  have  duplicate  apparatus  for  obser- 
vations, aud  days  would  have  been  needed  for  some  single  cells,  such 
aa  Fartz's.  Neither  does  the  table  indicate  the  rate  of  recovery  of  a 
cell  after  use,  but  it  gives  reliable  information  as  to  the  available  cur- 
rent from  a  given  cell  on  siich  a  short  circuit  as  was  employed  here, 
and  in  general  it  is  true  that  a  cell  will  maintain  a  degree  of  constancy 
the  greater  the  resistance  it  is  worked  through.  Of  course,  if  tiie  cell 
is  used  80  long  or  so  vigorously  as  to  materially  change  the  chemical 
constitution  of  the  acting  liquid,  the  electro-motive  force  will  su^r 
reducdou,  and  there  is  no  time  rate  that  can  be  applied  with  any 
d^ree  of  accuracy.  It  is  also  to  be  remarked  that  when  cells  are 
coupled  serially  for  working,  the  electro-motive  force  av^lable  in  the 
circuit  will  not  be  the  product  of  the  electro-motive  force  of  one  cell 
into  the  number  of  cells,  but  a  fraction  of  that  which  will  vary  with 
the  number  of  cells  in  circuit,  the  loss  being  about  one  volt  for  fifteen 
volts;  and  fifteen  or  twenty  for  one  hundred  volts,  and  this,  too,  with 
fiiir  insulation. 

James  W.  Queen  &  Co.  exhibited  a  battery  cell  called  the  Ch&ma 
Battdet,  which  for  some  reason  failed  to  reach  the  examiners  at  the 
time  the  oth^  cells  were  examined,  and  not  being  disposed  of,  on 
account  of  its  high  cost  it  was  soon  sent  back  to  Paris.  On  account 
of  the  claims  made  for  this  cell  it  was  thought  best  to  conetmct 
one  and  test  it  The  cut  represents  one  of  these  batteries  of  six 
cells.  It  is  called  an  unpolarizable  battery  on  account  of  its  constancy 
of  action.  The  following  is  a  deMsription  of  the  cell' by  Baudet  The 
oat»  rectangular  cell  I,  22  cm.  by  18  X  9.     A  porous  cell  2,  for  the 
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zinc  plate  5.  Two  porous  jars  3,  one  for  crystals  of  bichromate  of 
potash,  the  other  for  sulphuric  acid ;  one  with  holes  and  the  other 
without ;  two  plates  of  carbon  4,  each  with  suitable  wire  connections, 
and  a  suitable  cover  6,  for  the  whole,  to  maintain  the  points  in  their 
places.  The  solutions  consist  of  a  saturated  solution  of  bichromate  of 
potash,  with  sulphuric  acid  as  for  the  ordinary  bichromate  battery  for 
the  outer  jar  containing  the  carbon,  and  a  super-saturated  solution  of 
acid  sulphate  of  potash  KHSO^,  for  the  porous  jar  containing  the  zinc. 
The  undissolved  sulphate  may  remain  in  the  bottom  of  this  porous 
jar.  Common  salt  may  be  used  as  a  substitute  for  the  potassium 
sulphate. 

Baltene  de  6  Elemenls  Impolarisables 


In  the  cell  constructed  for  the  test,  the  bi-sulphate  of  potash  was 
osed  in  the  porous  jar.  When  first  set  up,  this  cell  had  an  electro-motive 
force  of  1'87  volts.  It  was  then  put  in  short  circuit  with  an  external 
resistance  of  5*8  ohms,  including  the  galvanometer,  when  the  deflection 
was  47",  with  a  current  of  '262  amperes.  As  the  constant  of  the 
galvanometer  was  -245,  it  followed  that  the  internal  resistance  of  the 
cell  was  1'3  ohms,  which  is  a  small  resistance  for  a  cell  for  constancy, 
but  the  immersed  zinc  was  but  about  3  inches  of  a  half  inch  rod.  The 
needle  fell  one  degree  in  the  first  five  minutes,  where  it  remained  for 
an  hour,  when  it  rose  to  47 J°,  where  it  stood  steadily  for  five  hours  ; 
the  next  morning  it  was  at  45°.     It  remained  practically  constant  for 
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about  28  hours,  when  it  suddenly  fell;  evidently  some  of  the  material 
had  been  used  up.  This  is  a  surprisingly  good  record  for  a  cell,  and 
surpasses  the  Grove,  the  Buusen,  or  thetrommou  bichromate  evils  a  long 
way. 

THERMO-ELECTRIC   BATTERIES. 

Jas.  W.  Queeu  &  Co.  exhibited  two  of  the  modem  thermo-batteries, 
one  of  Clamond  and  two  of  Noe-Rebieek.  The  Clamoiid  consisted  of 
pairs  of  iron  and  an  alloy  of  bismuth  and  antimony,  arranged  in 
rings.  There  were  14  rings  of  11  pairs  each;  154  pairs.  This  was 
found  to  give  an  electro-motive  force  of  3'02  volts,  and  to  have  while 
hot  an  internal  resistance  of  2'2  ohms. 


CJnmtiKl  Til er mo- Electric  BaUory. 

The  following   is   the   statement  of  the   maker  of  the   Clamond 

batteries : 


No.  of  ElemenU.     |     E.  M.  F.  tn  Viilln.        lut.  ReitLst.,  ohnw.   ^Ons  prr  boar  required. 


The  Noe-Rebicek  thermo-piles  consisted  of  twenly  |iairs  of  German 
silver  and  an  alloy  of  zinc  and  antimony.     One  of  the  specimens  had 
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twice  the  cross-section  of  the  other  one.  The  lai^r  h&d  an  electro- 
motive force  of  1'94  volts,  or  nearly  one-tenth  of  a  volt  per  pair.  The 
smaller  one  gave  1'73  volts.  The  internal  resistance  of  the  lat^r  was 
•5  ohm,  and  of  the  smaller  -8  ohm.  The  Noc-Rebicek  batterj  has  the 
highest  E.  M.  F.  of  any  thermo-battery  that  has  been  made  on  a  com- 
mercial scale,  and  seems  a  long  step  aivay  from  tlie  ordinary  bismuth- 


antimony  pile,  and  towards  a  thermo  pile  that  may  be  used  as  a  substi- 
tute for  the  common  galvanic  battery.  They  are  made  of  20  elements 
each  fur  a  single  pile,  or  as  the  substitute  fur  a  single  battery  cell,  and 
any  number  of  them  may  be  combined,  as  is  the  case  with  battery 
cells,  and  arc  and  incandescent  lighting  effected  or  other  electrical 
work  done  with  them.  They  may  be  heated  by  gas  or  alcohol 
flame.  A.  K  D. 


In  Mr.  A.  Partz's  large  cell  he  employs  a  plate  of  carbon,  half  an 
inch  in  thickness  and  three  inches  wide,  divided  by  saw-cuts  into  six 
vertical  prisms  of  half-inch  sectional  area.  He  claims  that  this  form 
gives  a  stronger  and  more  constant  current  tlian  a  closed  plate,  and  in 
accordance  with  his  desire  the  following  test  was  made : 

Two  similar  plates  of  half  inch  carbon  were  obtained,  and  one  of 
them  was  divided  by  sawing  into  half  inch  prisms  which  were  left 
united  at  the  ends.  These  platx^  were  successively  coupled  with  the 
same  plate  of  zinc  and  immersed  in  a  solution  of  potassium  pyro- 
cliromate  and  sulphuric  acid.  The  current  strength  was  measured  by 
tlie  aid  of  a  delicate  nmi)(remetre  with  an  unvarying  resistance  inter- 
posed. 
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The  following  figures  show  the  ratios  of  the  strengths  of  current 
under  these  circumstances ; 
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REPOBT  ON  POBOU8  CELIB. 

Made  and  Exhibited  by  J.  B.  J^ords  &  Co.,  1412  Salmon  Streett, 

Philaddpkia. 

The  two  cells  tested  were  of  the  same  size,  about  3X8  inches,  and 
differed  in  color  only,  so  far  as  could  be  seen.  One  cell  was  of  white 
ware,  and  the  other  of  a  light  buff  ware. 

Resistance  was  determined  in  a  solution  of  copper  sulphate,  the  cells 
being  filled  to  the  level  of  the  surrounding  solution.  The  height  of 
liquid  in  each  case  was  six  and  three* sixteenths  inches.  The  results 
were 
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TESTS  OF  SECONDARY  BATTERIES. 
As  soon  as  practicable  after  the  otganizatiou  of  the  section  for  the 
consideration  of  secondary  batteries,  a  copy  of  the  following  scheme 
was  addressed  to  each  of  the  three  parties  making  an  exhibit  of  such 
batteries.  The  conditions  were  accepted  by  the  Railtoay  lAghi  and 
Power  Company,  and  by  the  Brush  Company,  but  the  parties  exhibits 
ing  the  Star  BaUery  declined  having  their  battery  examined,  and 
ignored  the  communication  of  the  examiners. 
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SCHEME  PBOP06ED  FOB  THE  EXAMIKATION  OF  SECONDARY 
BATTERIES. 

The  teste  for  eecondaiy  batteries  will  be  confiDed  to  efficiency,  and 
no  report  will  be  made  on  duration. 

"Eshibitors  will  be  required  to  furnish  batteries  in  first-class  con- 
dition, and  the  size,  thickness  of  plates,  and  distance  between  thera  will 
be  measured.  The  composition  of  liquid  used  must  be  stated  to  the 
examining  committee,  and  it  is  desirable  that  the  manner  of  preparing 
plates  shall  be  made  known. 

The  batteries  will  first  be  chaif;ed  with  a  current  of  whatever  strength 
may  be  designated  by  the  exhibitor,  and  will  be  allowed  to  run  down 
through  their  normal  external  resistance  until  the  electro-motive  force, 
as  shown  by  the  weakest  cell,  begins  to  diminish.  The  discharging 
will  then  be  stopped,  and  the  battery  will  be  recharged,  and  at  intervals 
of  fifteen  minutes  the  counter  electro-motive  force  of  the  battery  and 
the  strength  of  current  will  be  measured.  When  the  battery  is  fully 
chained,  as  shown  by  disengagement  of  gas,  an  artificial  resistance 
equivalent  to  that  for  which  it  is  claimed  the  battery  is  adapted,  will 
be  substituted  for  the  dynamo  at  the  charging  terminals,  and  the 
battery  will  be  allowed  to  run  down  as  before  measuring  at  intervals 
of  fifteen  minutes  the  electro-motive  force,  and  the  strength  of  current 
until  the  electro- motive  force  begins  to  fall  rapidly. 

After  making  these  tests  the  batteries  will  be  again  charged,  under 
conditions  identical  with  the  first,  and  will  be  sealed  for  two,  three  or 
more  days,  as  may  be  found  practicable  by  the  examining  committee, 
after  which  they  will  be  discharged  through  a  resistance  identical  with 
the  first,  and  the  loss  of  enet^  due  to  standing,  will  be  determined. 
If  time  be  sufficient,  the  committee  will  measure  the  internal  resistance 
of  each  battery. 

Reports  will  indicate  the  size,  thickness  and  number  of  plates,  their 
distance  apart,  the  composition  of  liquid  employed,  the  number  of  cells, 
the  weight  of  battery,  the  counter  electro- motive  force,  the  ampere- 
hours  required  for  charging,  the  ampere-hours  in  discharging  through 
the  measured  resistance  for  which  it  is  stated  the  battery  should  be 
efficient,  the  loss  of  enei^  between  charging  and  discharging,  and  the 
loss  of  energy  occasioned  by  allowing  the  battery  (charged)  to  remain 
idle  during  slated  intervals  of  two,  three  or  more  days  as  may  be  found 
practicable  by  the  committee." 
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The  instruments  used  in  tlie  measurements  were  au  Ayrton  and 
Perry  ammeter,  a  Carpentiers'  voltmetre,  and  an  Ayrtou  and  Perry 
voltraetre.  The  ammeter  was  placed  as  near  as  practicable  to  the 
battery,  and  so  arranged  that  it  remained  in  the  circuit  during  both 
chaining  and  discliat^ing.  The  vol) metre  was  in  a  short  circuit  con- 
necting with  the  poles  of  the  battery,  measuring  the  counter  electro- 
motive force  during  charging,  and  the  direct  electro- motive  force  of  the 
discharge  during  wiiich  the  resistance,  consisting  of  a  number  of 
incandescent  lamps  in  parallel  circuit,  was  practically  substituted  for 
the  machine  used  in  chaining.  The  committee  had  resolved  to  dis- 
charge the  batteries  through  au  invariable  resistance  of  German  silver 
ribbon  or  wire,  but  finding  that  it  would  be  obliged  to  have  the 
apparatus  constructed  at  its  own  expense,  it  was  compelled  to  adopt 
the  incandescent  lamp  resistance  as  the  only  feasible  one. 

Notwithstanding  all  etlbrts  it  could  not  succeed  in  having  the 
auimeler  calibrated  until  after  the  termination  of  the  actual  measure- 
ments. The  calibration  then'  obtained  was  far  from  satisfatory,  as  it 
covered  only  a  portion  of  the  scale  of  the  instrument,  but  it  appeared 
to  indicate  that  the  actual  readings  were  slightly  lower  than  they  should 
have  been  in  the  upper  degrees  of  the  scale.  A  recalculatioL  of  the 
results  with  these  corrections  introduced  made  it  appear  probable  that 
the  efficiencies  found  and  given  further  on  are  about  one  per  cent,  too 
low.  However,  as  ihe  Committee  is  not  perfectly  satisfied  with  the  cor- 
rections, and  as  the  practical  diUcrence  is  quite  small,  it  has  not  been 
deemed  advisable  to  use  other  figures  than  those  given  by  the  direct 
readings  of  the  instrument. 

The  battery  tested  for  the  Railway  Light  and  Power  Company,  con- 
sisted of  thirty-four  ceils,  each  11  by  12  by  3  inches,  containing  four 
plates  each,  9  by  10  by  ^^  inches.  The  plates  are  formed  by  Faure's 
process,  red  lead  being  compressed  into  an  excavated  surface.  This 
battery  was  chained  by  a  Weston  dynamo,  and  was  used  at  the  Exhibi- 
tion to  run  six  or  eight  iucaudesceut  lamps  of  different  resistances. 

It  wasdischarged  by  the  committee  on  the  evening  of  the  8th  October, 
until  the  electro-motive  force  at  the  poles  on  closed  circuit  was  44*14 
volts,  and  was  recliarged  and  again  discharged  between  the  morning 
and  uiglit  of  the  following  day.  The  installation  of  the  battery  was 
very  bad.  The  connections  between  the  plates  were  made  by  lead 
bolts  which  could  not  be  properly  tightened,  and  tlie  batterj'  was  placed 
on  a  carpet  which  was  kept  contiimally  moist  by  the  acid  spray  thrown 
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up  by  the  biibbira  of  gas  produced  towards  tlie  close  of  the  chargings. 
These  faulty  eondUions  may  account  for  ihe  low  efficiency  found  for 
the  battery. 

The  discharge  was  effected  through  a  resistance  consisting  of  sixteen 
Weston  lamps.  When  the  discharge  was  Hto|>ped  on  the  8f  h  October, 
Ihe  electro- motive  force  on  closed  circuit  was  44-14  volts,  on  open 
circuit  Ji3'5  volts.  On  the  9th  October,  after  verifying  the  electro- 
motive force,  the  batterywas  charged  wilh  299376825  volt-arap6re- 
minuteti.  The  discharging  was  then  begun,  and  au  energy  represent- 
ing 159659049  volt-am pi^re-minutes  had  been  expended  in  the  lamp 
resistance  before  the  electro- motive  force  on  closed  circuit  liad  fallen  to 
44  volts. — the  potential  at  the  poles  while  the  battery  was  doing  work 
at  the  close  of  the  dischai^  in  the  morning. 

The  efficiency  of  the  battery  was  therefore 

159659-649 


29937f)-825 

or  bS'Ufi  per  cent,  in  its  delivery  of  energy  compared  with  the  energy 
required  for  charging. 

The  fall  of  potential  in  this  battery  was  very  unevenly  distributed 
among  the  cells.  On  beginning  the  discharge  at  5.30  P.  M.,  on  the  9th 
October,  the  electro-motive  force  of  the  separate  cells  was  uniformly 
1*9  volts.  Between  this  time  and  7.15  P.  M.,  the  eleetro-raotive  force 
of  the  battery  fell  from  64"2  to  60'1 9  volts,  the  potential  of  the  separate 
cells  taking  equal  |>art  in  the  fall.  At  7.30  a  difference  in  potential 
became  ai)j)arent  among  the  ceils,  and  the  electro- motive  force  began 
to  fall  rapidly.  One  cell  was  at  0  potential  at  8  o'clock,  three  at  8.15, 
four  at  8.30  and  five  at  9.10,  while  the  electro-motive  force  of  the 
other  cells  was  but  little  below  that  at  starting  the  discharge. 

As  may  be  seen  in  the  tabular  statement,  the  battery  was  charged 
during  four  hours  and  forty-eight  minutes,  at  the  average  rate  of 
1039'5  volt-impftres.  It  yielded  during  discharge  for  four  hours  and 
ten  minutes  the  average  rate  of  (i38'6  volt-amp&res. 

From  786"45  volt-ampferes,  whicii  was  maintained  sensibly  constant 
during  the  first  hour,  the  delivery  fell  to  699-36  at  the  end  of  the  second 
hour,  557-57  at  the  end  of  the  third,  and  416  at  the  end  of  the  fourth. 

The  results  of  the  first  test  of  this  battery  convinced  the  com- 
mittee that  the  cells  were  in  such  a  condition  that  any  further  measure- 


ments   and   tests   for   holding  obat^e   would   be  entirely   devoid   of 
scientific  interest,  and  of  no  beoefit  to  the  Institute  or  the  exhibitors. 


TcUntlar  i&atemetU  of  Obgervalioru  and  Seeullt  qf  OatculaUons  of  TeaU 
made  on  Secondary  BatUry  exhibited  by  the  Railway  Light  and  Power 
Company,  %lh  October,  1884. 
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The  secondary  battery  tested  for  the  Brush  Electric  CompaDy  cou- 
sisted  of  nineteen  cells,  each  containing  three  plates  16  hy  16  inches, 
the  total  weight  of  lead  per  cell  being  about  one  hundred  pounds. 
These  plates  are  eaid  to  be  formed  by  the  Plant^'s  process,  alternating 
currents  being  passed  between  cast  lead  plates  immersed  in  dilute 
sulphuric  acid.  The  cells  were  in  good  condition  and  the  connections 
of  the  plates  were  soldered. 

The  Carpentier  voJtr-meter  used  was  calibrated  by  this  battery,  and 
the  readings  being  1*91  volts  per  cell  throughout  the  whole  scale  em- 
ployed, may  be  considered  sufficiently  exact. 


DMized  by  Google 


22 

On  the  12tli  of  October  the  battei-y  was  disc liargeil  through  41  Swan 
lamps  in  parallel  circuit,  until  the  difTerence  <if  potential  at  the  terminals 
had  fallen  to  29  volts,  the  current  flowing  being  then  .'id25  amperes. 
Before  starting  to  recharge  on  the  13th  of  October,  the  electro-motive 
force  on  open  circuit  was  36'3  voUs,  ami  with  40  lamps  in  the  circuit 
29'8  volts.  The  i-et^harging  was  then  l)egun  at  9_A.M.,  and  was 
continued  unlil  10  P.  M.  of  the  same  day,  with  an  interruption  of 
fifty-nine  minutes  due  to  an  a(x;ident  to  the  engine. 

After  dialling  the  battery  it  was  dischargetl  through  43  lamps. 
The  electro-motive  torce  on  open  poles  was  38  volts;  with  the  lamps 
in  circuit  34  volts.  The  current  [KLSsing  through  the  lamps  wa-t  46"75 
amji^res. 

As  will  be  seen  in  the  accompanying  table,  56220225  watts  were 
required  to  charge  the  battery  from  a  potential  of  29  volts  on  closed 
circuit,  while  in  dischai^ing  down  to  the  same  point  3904.54'62>5  watts 
were  obtained.     Tht;  eflicioucy  ratio  is  therefore 

3904.54-62.5 
562202-2o"u 
or  69"45  per  cenl. 

Appended  are  graphic  expressions  of  the  rise  and  fall  of  [wtential 
during  charging  and  discharging,  and  of  the  energy  absorbed  and 
delivered  by  the  battery.  The  curves  and  the  columns  of  the  table 
showing  the  fall  of  potential  and  tlie  energy  obtained  from  the  battery, 
indicate  that  while  there  is  a  gradual  weakening  of  tlie  whole  battery, 
the  principal  falling  oft  is  due  to  the  sudden  weakening  of  individual 
cells,  and  that  the  latter  do  not  run  down  uniformly. 

The  test  of  the  Brush  secondary  battery  was  sufficiently  severe,  as 
the  charging  was  done  with  a  somewhat  heavier  current  than  is 
usually  recommended  for  the  purpose,  and  the  dischai^ing  was  at  an 
exceedingly  rapid  rate.  It  was  therefore  decided  that  after  the  test  for 
holding  charge  had  been  made  the  battery  should  be  i-echarged  and 
discharged  through  a  smaller  variation  in  electro- motive  force,  but  at  a 
slower  rate. 

The  battery  was  recharged  on  the  1 6th  of  October  and  locked  up  by 
tlie  committee  who  held  the  keys  for  ten  days.  In  the  mean  time  we 
had  been  requested  to  return  the  instruments  which  had  been  placed  at 
our  disposal.  As  the  Franklin  Institute  authorities  could  not  guaran- 
tee that  the  instruments  would  again  be  placed  in  our  hands  for  the 
resumption  of  the  tests  l>efore  the  battery  was  required  to  be  moved, 
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the  committee  decided  that  it  was  not  advisable  to  prolong  work  for 
which  the  facilities  had  heen  withdrawn.  With  the  consent  of  the 
Brush  Company,  further  teats  were  therefore  abandoned. 

Tabidar  Statement  of  OlMervatian»  and  Calcu'ated  Eeeiiltg  of  Chargmg 
Brtiah  Secondary  Bailer}/,  13(A  Octobei;  1884. 
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TabuhiT  statement  of  Observation  and  OaUMlation  of  BenUis  of  Dhch/irg- 
ing  through  Incandetcent  Lamp  Retiatanae,  Brush  Secondary  Battery, 
\Blh  and  14lA  October,  1884,  immediate^  after  charging. 
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1174 -US 
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1182-260 

8886-750 

ToUtl  limeof  discharge,  4  honre,  SI  m1niit«e. 
Emolency  -  ?**^"J-  -  «9  45  per  cent. 


Reported  by  Wm.  H,  Gbeene,  and  F.  C.  Van  Dyck. 
Adopted  by  the  Section. 

F.  C.  Van  Dyck, 

Chairman  Section  XI V. 
Samuel  P.  Sadtler, 
Waltek  M.  James, 


a.  e.  dolbbar, 
Wm.  Drysdale. 

WiLUAM  H.  Wahi. 


Wm.  H.  Greene, 

Secrelarg  Section  XI V. 
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INTERNATIONAL  ELECTRICAL  EXHIBITION,  1884. 
Fkanklui  Institute,  Philadelphia,  Pa. 


REPORT  OF  EXAMINERS. 
Section  XVIII. — Undekgkound  CoNnurra. 


To  the  Board  of  Managers,  FrankHti  InatihUe  ; 

Gentlemen  : — I  have  the  hooor  to  transmit  herewith  the  report  of 
the  Examiners  of  Section  XVIII,  on  Underground  Conduits. 
ReepectfuUj, 

M.  B.  Snvdeb, 
Qiairman  Board  of  Meammere. 
Philadelphia,  Decembm-,  1884. 


Chairvum  Board  of  Examinera,  IrUemaiional  Ela±rioal  IkhSntatm : 

SlE : — The  following  report  of  the  Examiners  in  Section  XVIII 
(on  Undei^round  Conduits),  ia  respectfully  submitted. 

F.  D.  DE  WOLSKI  (Cft'n), 

Examiner  8  of  SeoHon  XVIII, 


3d  by  Google 


PREFACE. 

Id  Babmltting  a  report  on  the  various  andergronnd  oondaits  exhibited  at 
the  latematlonal  Electric  Exhibition  the  undersigned  Ex&mlners  desire 
to  mention  that  their  task  woold  h&ve  been  a  much  easier  one  had  each 
exhibitor  furnished  them  at  the  outset  with  a  brief  practical  description  of 
his  Bystem,    In  fact  few  of  them  did  themselves  Justice  in  this  respect. 

The  undersigned  careftilly  examined  the  models,  In  the  presence,  as  &r  as 
possible,  of  the  exhibitors  themsdveH,  and  some  of  the  members  Inspected 
the  systems  in  practical  operation  in  the  dty  of  Philadelphia,  They  r^ret 
they  were  unable  to  carry  out  any  system  of  testa  owing  to  want  of  time 
and  absence  of  fEicllltles. 

A  prognunme  was  drawn  up  by  Dr.  Fiaser,  and  approved  by  the  Section, 
to  assist  the  examiners  in  framing  their  individual  reports  on  each  system,' 
and  will  be  found  attached  to  this  report. 

Although  the  examiners  abstained  as  for  as  possible  ftom  entering  into  the 
oomparHtive  merits  of  the  systems,  the  examiners  con^dered  itadvlsable  to 
note  theobvlous  merits  and  demerits  of  each  system,  so  bras  they  had  means 
of  Judging.  The  points  upon  which  they  have  oommented  are  such  as  a 
eufflcient  experience  of  analagous  oontrivanoes  enabled  tbem  to  Judge  of 
from  the  twre  statemeuls  and  descriptions.  In  no  case  was  it  poesible  to 
state  from  actual  olwervatlon  of  the  working  of  any  of  these  systems,  that 
tbey  did  or  did  not  fulfil  what  was  claimed  for  them. 

Your  examtneiB  are  of  the  opinion  that  during  the  experimental  stage  of 
underground  conduit  construction  for  tdectric  currents,  It  is  derirable,  in  the 
interest  of  the  oommuuity  In  which  such  conduits  are  l^d,  that  the  latter 
be  capable  of  use  for  as  many  difibrent  purposes,  and  by  as  many  different 
companies  aa  possible :  and  also  be  capable  of  inspection  In  every  part,  and 
removal  or  replacement  with  the  greatest  possible  rapidity,  and  the  least 
posrible  obstruction  to  the  public  highways. 

The  rapid  advance  of  electrical  science  In  the  past  renders  it  nearly  cer- 
tain that  the  next  few  years  will  witness  great  changes  In  the  methods  for 
the  production  and  distribution  of  this  form  ofenei^y;  and  with  anuDelastio 
system  In  which  a  corporation  may  have  expended  large  sums  of  mbney, 
the  practical  advantages  of  the  introduction  of  electricity  may  be  entirely 
dissipated  for  a  longtime.  For  the  same  reason  it  seems  to  the  undersigned 
unadvlsable  at  the  present  time  for  a  corporation  to  adopt  any  s^le  of 
plant  which  Is  adapted  only  to  one  system  of  distribution,  however  excel- 
lent the  system  maj  seem  to  be. 

They  feel  Impelled  to  odd  one  final  word  in  view  of  the  doubt  that  has 
been  expressed  as  to  the  feasibility  of  coDstrucUng  underground  conduits 
fq^  all  purposes  of  electrical  distribution.  Certainly,  at  least,  within  the 
limits  of  large  cities,  whether  or  not  it  be  found  in  the  future  to  be  dedr- 
able  to  enclose  telephone  and  telegraph,  with  light  and  power  circuits  ;  or 
any  two  of  the  foregoing  in  the  same  oondult,  they  express  no  opinion, 
but  that  the  electric  current  for  any  and  all  of  thesepurposes  can  be  succees- 
fully  transmitted  underground,  there  is  not  the  least  reason  to  question. 

They  believe  that  a  careful  series  of  tests,  made  by  competent  experts,  on 
the  systems  already  laid,  would  be  of  great  value  to  science,  and  to  all 
those  who  are  interested  In  the  use  of  the  electric  current. 
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ALPHABETICAL  LIST  OF  THE  EXHIBITS  VTSITED  BY  THE  COUHHTEE. 

(section  xvni.) 

The  ezhibite  mentionecl  here  do  not  include  all  of  those  raentioDed 
in  Section  II.,  Clasa  IV-  of  the  catalogue.  Some  of  these  latter  do 
not  properly  belong  to  the  "underground"  class;  some  of  them  were 
not  found  by  the  committee,  and  some  had  no  one  to  explain  them, 
and  no  printed  or  written  descriptions  which  could  be  jwocored. 

For  one  or  more  of  these  reaaons  tlie  onderaigned  ezaminen  have 
been  (Obliged  to  omit  mention  of  some  exhibits  which  are  classed  in 
the  catalogue  under  the  head  of  Section  II.,  Class  lY. 

(form  of  sheet  with  bltrnka  prepared  for  the  une  of  numbers  of  the 

Seetion.) 

INTERNATIONAL  ELECTRICAL  EXHIBITION 

OF  THE 

FEANKLIN  INSTITUTE, 

September  and  October,  1881,  at  Fhiladdphia. 

Pr<^ramme  for  Examination,  by  Section  XVIII.  of  the  Board  of 

Examiners, 

IN  SECTION  II.,  CLASS  IV. 

OP  TR&  OATALOODB. 
(0KDEROROUND  CONDUrra   FOB  ELECTBIC  OOKBUCTOBS.) 

DIVISION  OF  THE  WHOLE  SUBJECT. 
A— Advnntage  or  diaadvaotage  to  those  using  ourrents. 
a.  E^eetTodM  pei-niBneDtlj  lealed. 
ft.  Klacitrodea  eapkble  of  being  loapMled  at  every  part. 

B.— Advantage  or  dijMdyantage  to  the  oommunitles  at  large. 
1.  Id  alty  itraeU. 

3.  Ad&ptabUIt7  lOr  dl<I6rant  oompanlea  to  ue  In  oommon. 
IL  Relative  Bnppl J, 
C— Systemt  undeveloped  or  partially  developed. 

Members  of  the  Section  are  requested  to  fill  up  as  many  as  possible  of  the 
blanks  for  as  many  as  possible  of  the  exhibits,  and  to  forward  their  notes 
to  the  Chairman  of  the  Section,  Captain  de  Wolski,  at  the  building. 

HOW  DO  THE  SEVERAL  EXHTBITB  STAiTD  WITH  RESPECT  TO  THE 

FOLLOWIKO   PABTICULABS? 
(a.)— Electiodes  permanraitly  sealed, 
(b.)— Electrodes  oapable  of  betng  Inspected  at  every  part. 

1.  Preservation  of  insulation. 

2.  Expense  of  insulation  per  unit  of  length. 
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3.  Avoidance  of  iaductloD. 

4.  BpeedofBlgnalllng;  J.  e.,  capacity  forrapidit^ of  cbargeanddlMharge 
of  conductor. 

5.  Cheapneaa  of  plant  and  maintenance, 

6.  Ewe  and  cheapneea  of  laying  and  taking  up. 

7.  Facility  for  expansion.  (Increase  In  number  of  conductors  singly  or 
by  gronpe.) 

8.  Rapidity  of  repair. 
e.  Durability. 

10.  Safety  of  wires  from  stroke  by  lightning. 

EXHIBITS  OF  UNDERGROUND  (X)NDUIT8  FOR  ELECTRICAL  COHDUCTOBe. 
(From  tbe  Official  CBtalogae,  page  ^) 

Continental  Underground  Cable  Co.  Models  of  Underground  Conduits. 
(No.  6,  North  Gallery.) 

Woodward,  Jaa.  S.,  Phila.  Woodward's  Curb  Conduit  for  Electric  Con- 
ductors and  Steam  Heating  Pipes.    (North  Oallery.) 

Hendley,  Wm.,  Waahington,  D.  C.  Wooden  Conduit  for  Electric  Con- 
ductors.  Water-color  lilustration  of  above  conduit  system.    (East  Oallery.) 

American  Underground  Electric  Wire  Co.,  New  York  City.  Howe  system 
for  insulating  electric  conductors  and  cables,  applicable  to  underground 
systoma.  Apparatus  for  designating  wires  In  conduit  systems.  (West 
GaUery.) 

The  Anderson  Conduit.    (North  West  Oallery.)    ' 

American  Sectional  Electric Undei^round  Co.,  Phila.,  Pa.  Undei^round 
conduits  and  man-holes  with  telegraph,  telephone,  and  electric  light  and 
power  wires,  showing  this  system  of  underground  conduits  for  electric 
vires  In  operation.    (L.  11-15.) 

Edison,  Thoe.  A.,  New  York.  Samples  of  Underground  ConducUug 
System,  employed  by  the  Edison  Company.  (N.  8-6,  S.  8,  U.  6,  A.  8-^, 
D.  8-6.) 

The  Edison  Exhibit  of  the  Combined  Edison  Companies,  New  York 
City.  Edison  System  of  Underground  Electric  Conductors,  with  Junction 
bozee,  couplings,  etc.   Insulating  compound.  Insulating  tape.  (See  above.) 

Brooks,  David,  Pbiladclphia,  Pa.  The  Brooks  System  of  Underground 
Conduits  for  Electric  Conductors.    (Main  Building,  U.  14.) 

National  Underground  Electric  Co.,  of  Newark,  N.  J.  Full-sized  model 
of  the  Conduit  for  Telegraph,  Telephone  and  Light  Wires,  with  testing 
statioD,  etc.    (Depot  Soutb  Porch.) 

CoemopoUtaa  Undeiground  Telegraph,  Telephone,  and  Electric  Light 
Co.,  Camden,  N.  J.    (Annex.) 

Continental  Underground  Cable  Co.,  Camden,  N.  J.  System  of  under 
ground  conduits  for  electric  conductors,  Including  electric  railway  through 
centre  of  conduit  for  transniisBion  of  mall,  packages,  ete.  Pipe  System  of 
Underground  Conduits.    (Annex.) 

Union  Electric  Undei^round  Co.,  Chicago,  111.  Conduit  for  Electric 
Light,  Telegraph  and  Telephone  Wires.  InsulatJoD  and  ground  connection 
for  wires.  Uacbines  for  introducing  wire  into  insulating  tube.  (Depot,  N. 
Porch.) 


THE  AMERICAN  SECTIONAL  UNDERGROXmD 
COMPANY. 

("  A.  b"  of  Section's  Glaseificaiion,) 
His  B78t«ia  oonaists  of  oast  iron  condiute,  built  up  in  Bcctioos  break 
ing  joints ;  the  jointe  being  secured  with  olamps  and  keys,  and  cement 
or  other  packing.  All  parts  of  each  particular  size  are  interehange- 
ftble  The  oonduit  contains  interchangeable  metallic  shelves  and  par- 
titions, dividing  it  into  oompartments  for  carrying  wires  of  difl^rent 

Three  sizes  of  oonduit  were  exhibited,  each  being  connected  to  a 
manhole  placed  at  every  street  corner,  into  which  one  or  more  men  can 
enter  for  the  purpose  of  hauling  in  the  wires,  making  the  necessary 
-  ccoineotions,  etc  There  are  further,  at  convenient  distanoee  along  the 
line  of  oonduit,  handholes  for  tapping  the  wires  for  house-to-house 
SQpply.  Aa  the  position  of  these  is  aocurately  known,  by  opening  up 
a  few  atones  in  the  pavement  a  wire  or  wires  can  be  tapped  for  house 
supply.  This  is  effected  by  running  the  wires  required  from  the  near- 
est manhole  on  the  npper  or  local  shelves. 

Different  companies  can  be  supplied  with  separate  compartments, 
and  tbcy  can  employ  any  particular  insulation  they  prefer. 

It  is  claimed  for  this  system  that  "  a  metallic  contact  between  the 
inhalation  of  all  wires  and  the  earth  grounds  all  leaking  or  induced 
currents,  overcomes  induction  to  a  great  cjEtent,  and  renders  harmless 
a  croes  in  an  dectrio  light  current.  Further,  that  by  the  use  of  the 
copper  shelves,  in  conjunction  with  telephones  on  metallic  circuits, 
there  is  absolntely  no  interference  whatever." 

The  conunittee  was  unable  to  satisfy  itself  on  all  these  points. 

The  oonduit  when  opened  appeared  to  be  very  dry.  It  is  stated 
that  all  oondeosatioa  of  moisture  in  the  conduit  takes  place  only  under 
the  manhole  oovers,  which  are  exposed  to  the  external  air.  This 
seems  to  be  borne  out  by  observations  on  the  9th  of  October,  1884, 
no  rust  being  visible. 

This  system  seems  to  meet,  in  a  very  complete  way,  the  question  of 
house-to-house  supply;  separation  of  wires;  facility  of  laying;  repairs; 
and  future  expansion.  It  is  not  necessary  to  lay  the  wires  in  tlie  con- 
doit  nntil  absolutely  required.  It  would,  however,  be  neceeeary  to  use 
firs6-claaa  insulated  wires,  as  it  would  not  be  possible  to  ke^  such  a 
oonduit  abeoiotely  dry.    Some  provision  will  also  have  to  be  made  for 
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paasiag  off  gas,  Tchich  teode  to  aocumulate  in  the  main,  and  might  be 
set  on  fire  and  prove  dangerous.  It  is  estimated  that  the  A  conduit,  . 
10  inchea  hy  15  inches,  would  oost  $15,000  per  mile,  the  B  condait, 
6  inches  b;  10  inches,  $10,000,  and  the  (7  conduit,  5  inches  by  8  inches, 
$6,000.  The  A  size  of  conduil ,  whidi  is  laid  in  Chestnat  street,  Hiil- 
adelphia,  from  Third  to  Broad  (equivalent  to  Fourteenth)  streets — 
(about  a  mile  in  length) — is  estimated  to  aooommodate  3,000  wires. 
The  £  size  is  laid  in  Tenth,  Eleventh  and  Brown  streets,  and  its 
capacity  is  for  about  1,200  wires. 

By  means  of  the  large  manholes  and  separate  compartments,  the 
wires  in  use  can  be  at  any  time  taken  out,  replaced  by  others,  or 
inspected  and  put  back,  in  the  shortest  time  and  with  no  deiunge- 
ment  to  the  pavements  and  streets.  The  nze  of  the  conduit  also 
enables  one  to  lay  a  very  Itirge  number  of  wires.  The  prevention  of 
induction  would  seem  to  be  about  equal  to  that  in  all  syHtems  employ- 
ing iron-cased  ducts,  with  the  additional  advantage  of  intwior  metallic 
screws  and  copper  shelves,  all  well  grounded,  so  that  no  current  in  one 
compartment  would  be  likely  to  have  any  influence  on  those  of 
anoUier. 

The  conduits  were  laid  down  aloi^  Chestnut  street  in  Ootober, 
1883,  and  the  electric  light  service  has  been  continuous  sinoe  the  latter 
part  of  December  of  that  year,  which  period  included  a  number  of 
severe  storms,  of  longer  or  shorter  duration, 

It  has  not  been  asoertained  that  any  interference  with  the  service 
has  been  suffered.  The  weather  during  the  continuance  of  the  exhi- 
bition was  unusually  dry,  and,  therefore,  though  the  interior  of 
the  conduits  was  dry  wherever  seen  by  the  examiners,  this  would 
not  establish  the  fact  of  the  sucoeesful  exclusion  of  moisture  by 
this  system  under  unfavorable  ciroumatanoes.  On  this  point  the  under- 
signed have  been  compelled  to  take  the  testimony  of  the  officers  of  the 
company  and  the  statements  of  the  subscribers  as  to  the  sncoess  of  the 
conduits  for  the  eleobric  light  wires. 

Few,  if  any,  telE^raph  or  telephone  wires  were  in  the  conduits,  and 
as  it  is  with  these  that  the  defects  of  any  system  would  be  best 
observed,  the  examiners  have  no  saffident  data  for  expressing  an 
opinion. 

It  is  the  intention  to  introduce  these  insulated  telegraph  and  tele- 
phone wires  loosely,  or  without  any  casii^,  unless  tha«  be  a  long  dis- 
tance in  which  no  service  is  ever  to  be  made.    Under  these  oircam- 
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stanoes  the  company  propoeee  to  use  a  cable.    Otherwise,  the  wires  . 
are  to  be  laid  loosely  over  each  other  in  their  various  compartmeats. 

A  question  which  is  intimately  connected  with  the  conduit  itself  is 
that  relating  to  the  exclusion  from  it  of  foreign  matter,  and  especially 
of  water.  [Tlie  company  has  suffered  from  gas  in  its  oonduite,  and 
on  one  occasion  an  explosion  ensued  in  a  manhole  near  the  State 
House,  but  this  latter  caused  no  s^ous  danu^,  and  it  is  not  thought 
likely  that  there  are  many  localities  where  these  conditions  of  gas 
waste  under  the  streets  are  likely  to  be  similar.]* 

In  the  streets  of  a  city  where  there  vere  great  differences  of  level, 
any  considerable  break  in  the  conduits  which  would  permit  the  influx 
of  a  lai^  body  of  water  might  (if  the  latter  found  free  path)  do  con- 
siderable damage.  This  is  an  objection  applicable  to  all  hollow 
conduit  gystenoa. 

Open  gratings  have  been  employed  to  permit  the  waste  gas  to  dissi- 
pate itself,  and  these  gratings  have  often  rem^ed  open  during  both 
snow  and  rain  storms  without  introducing  moisture  into  the  main  con- 
duits,  the  water  escaping  by  a  trap  at  the  bottom  of  the  manhole. 

So  far  as  the  renters  of  the  light  are  concerned  there  is  not  the  least 
danger  of  the  introduction  into  their  houses  of  water  or  gas  from  this 
company's  condoit,  inasmuch  as  the  electrodes  are  hermetically  sealed 
in  a  gas  pipe  which  leads  them  fr<Hn  the  handhole. 

A  telephone  wire  is  laid  down  in  the  conduits,  leading  from  the 
company's  central  office,  in  Eleventh  street,  to  Broad  and  Chestnut 
streets  comer.  This  was  tested  in  the  daytime,  wheu  the  electric  light 
ouTzents  were  not  passing.  The  terminal  instruments  were  also  out  of 
order.  The  committee  canoot,  therefore,  say  what  may  be  the  effect  of 
the  electric  light  current  on  the  telephone  lines  from  this  observation. 

The  following  is  a  description  of  the  figures  in  the  cut: 

Fig.  1  rqiresents  a  lon^tudinal  elevation  of  various  sizes  of  con- 
duit A,  B,  C,  with  vertical  sections  throngb  "  manhole,"  d,  e,  g,  and 
"  flush  box,"  b,  showing  mode  of  laying  and  oonneotii^  them. 

Fig.  2,  plan  view  of  same. 

'Fig.  3,  isometrical  view  of  section  of  A,  conduit,  and  hand-hole,  c,  j, 
showing  joints  of  upper  and  lower  sections  of  conduit,  K,  K,  partitions 
and  shelves  for  electric  wires,  the  "static  oondensing  shelves"  being 
shown  by  dotted  lines. 

*  This  report  was  completed  on  October  80, 1884. 
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Fig.  4,  tranverBe  section  tbrough  top  of  clamp,  showing  section  of 
ends  of  conduit  and  paoking  at  Joints. 

The  letters  show  similar  parts  in  the  different  figures,  A  being  the 
lai^est  size  oondoit  yet  made,  capaeity  about  3,000  wires.  A',  showing 
the  conduit  opening  in  manhole  when  connection  is  made  at  one  side 
of  manhole  or  flush-boz.  B,  C  and  D  are  consecutively  smaller 
axes  of  conduit;  a,  manhole,  b,  fiush-boz,  o,  handhole,  d,  manhole 
and  flush-box  cover  made  either  solid,  or  perforated  for  ventilation ; 
«,  bar  with  which  to  fasten  cover  by  aid  of  bolt  and  nut;  f,  clamp  and 
keys  by  which  the  di^rent  sections  of  the  conduit  are  connected ;  g, 
irsxf  for  drainage  of  any  water  which  may  collect  in  the  manholes  and 
flush-boxes  from  rain  or  condensation,  and  which  may  be  connected 
with  sewer;  h,  street-bed,  earth  and  gravel;  i,  street  paving;  j,  hand- 
hole  opening  for  house  connections;  le,  longitudinal  joints  between 
upper  and  lower  sections  of  conduit,  to  be  filled  with  any  suitable 
packing  to  exclude  moi>tture,  etc. 


THE     ANDERSON     CONDUIT     FOR      UNDERGROUND 

WIRES.* 

("  0."  of  SeoHon'a  C/oBsyica/ion.) 

This  oonduit  is  oonatnicted  of  cellular  section  and  of  any  suitable 
material,  such  as  iron,  terra  cotta  or  glass.  It  provides  a  series  of 
ducts,  into  which  cables  or  wires  of  difierent  classes  or  belonging  to 
different  substa'ibers,  may  be  accommodated.  In  both  sides  of  ttie  con- 
duit are  a  series  of  lateral  openings,  formed  in  the  process  of  manufac- 
ture of  each  length  of  the  conduit.  These  openings  give  access  to  tlie 
ducts  on  either  side,  and  are  intended  for  tapping  the  wires  at  any 
desired  point.  Each  side  duct,  on  either  side  of  the  conduit,  has  one 
of  these  lateral  openings,  which  are  not  arranged  one  over,  the  other, 
but  diagonally  and  in  adverse  directions  on  either  side.  The  object  of 
this  arrangement,  which  appears  to  be  the  main  feature  of  the  system, 
is  to  obviate  the  weakening  of  the  structure,  which  would  result  from 
having  a  row  of  openings  one  above  the  other. 

No  provision  is  made  for  manholes,  and  no  arrangements  are  pro- 
posed for  obviating  the  effects  of  induction,  nor  for  keeping  the  duct 
water-tight  or  free  from  condensation. 


•  Patent  No.  361,979,  dated  August  1st,  1882. 
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The  description  and  model  were  not  sufficiently  complete  to  enable 
the  committee  to  fonn  any  opinion  of  the  details,  but  the  proyision  of 
a  lateral  opening  to  each  side  duct  would  have  many  disadvantages. 


THE  BROOKS  UNDERGROUND  CONDUIT. 
("  A.  a."  of  Section's  Clamfieation.) 
This  conduit  consists  of  wrought  iron  pipes,  supplied  with  suitable 
eplice-boxee,  hand-holes  and  outlets.  These  pipes  are  protected  from 
oxidation  by  being  laid  in  a  wooden  trough,  into  which  hot  pitch  u 
poured  ao  as  to  completely  envelope  the  pipe.  The  wires  to  be  used  in 
thb  system  are  covered  with  cotton  and  formed  into  a  rope  or  bundle, 
which  is  then  covered  with  a  textile  weaving.  The  bundle  of  wires  is 
then  soaked  in  hot  mineral  oil  and  drawn  in  long  lengths  into  the  pipe 
or  conduit.  A  heavy  mineral  oil  is  then  forced  into  the  pipe  so  aa  to 
exclude  moisture,  and  for  the  purpose  of  maintaining  a  good  insulation. 


.D   E 


Fig.  1.— Hethod  of  nuklni  apUoei. 

The  patentee  estimates  the  cost  of  laying  a  2^  inch  pipe  complete, 
for  house-to-house  supply,  with  40  conductors  of  No.  16,  B.  W.  O. 
and  360  of  No.  20,  B.  W.  O.,  at  twenty  dollara  per  mile  per  oondactor. 
He  states  that  he  can  lay  such  a  conduit  in  one  day,  from  block  to 
block,  80  that  it«  construction  causes  but  little  interference  to  traffic. 

The  main  point  of  the  eystem,  is  the  economy  of  insulation.    It  is 
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proposed  to  anticipate  future  requirements  by  laying  down  as  many 
wires  as  may  be  required  for  a  long  time  to  come,  and  not  to  add  or 
withdraw  any.  It  is  a  system  which  seems  better  adapted  for  trunk 
or  through  lines  than  for  house-to-house  supply,  owing  to  the  difficulty 
that  would  be  experieuced  with  the  overflow  of  oil  at  so  many  points. 
In  towns  where  there  was  much  difiereuce  of  level  the  head  of  oil 
would  doubtlesB  be  a  source  of  great  trouble. 


Fig.  2  shows  the  handholes  and  outlets  for  taking  wires  intd  adjoin- 
ing buildings.     F,  is  a  piece  of  lead  pijie,  of  any  desired  length,  suffi- 
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cient  to  reach  the  first  story  of  the  building  in  which  the  wires  are  to 
be  extended  or  looped.  The  lead  pipe,  F,  is  filled  with  a  heavy  and 
viscid  oil  until  it  reaches  within  two  feet  of  the  point C,  where  it  is 
spliced  to  iodia-rubber  or  gutta-percha  covered  wires.  The  space 
between  the  gutta-percha  covered  wires  and  Uie  lead  tube  is  filled  with 
plasty  of  Paris  and  silicate  of  soda,  which  effectually  prevents  any 
leakage  of  the  oil. 

A 


Fig.  3  shows  a  splice-box,  hand-hole  and  outlet  on  both  sides, 
defugned  to  accommodate  400  wires.  C,  is  a  two  and  one-half  inch 
diameter  pipe.  Reducing  sockets  can  be  introduced  at  B,  for  a  smaller 
pipe  and  less  number  of  wires.  These  boxes  are  introduced  at  intervals, 
&atened  with  plug,  D,  for  bringing  out  the  wires.  The  box  is  seven 
inches  in  diameter  inside.  When  used  for  splicing  the  ends  of  the 
cable,  dome  F'ls  screwed  into  the  top  of  the  box.     Q,  is  a  plug  in  the 
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top  of  the  dome  for  pouring  in  oil  after  the  eplioe  is  made.  On  either 
ude  of  this  box  is  outlet  M,  similar  to  that  shown  in  Fig.  2. 

Fig.  4  shows  the  tank  at  the  PenoE^lvania  R.  R.  Statinn,  Broad 
Stre^,  Philadelphia,  supplying  the  system  with  pressure  and  the  oil  lost 
by  leakage  (which  is  not  perceptible). 

As  n^rds  the  efficacy  of  the  oil,  as  a  means  of  insuWion,  Mr. 
Brooks  exhibited  to  the  examiners  this  experiment :  Two  wires  were 
attached  to  the  Holtz  machine,  the  extremities  being  carried  into  a 
narrow  jar  of  his  insulating  oil,  in  such  a  manner  that  while  the  dis- 
tance between  them  was  ^  inch  in  the  oil,  they  were  1^  inches  apart 
at  the  surface  of  the  oil.  On  turning  the  machine,  the  spark  passed 
above  the  sur&ce  of  the  oil,  and  not  at  all  through  the  oil,  even  when 
the  distance  between  the  extremities  was  i-educed  to'^ij  inch.  A 
number  of  ezperimenta  were  made  as  to  the  effect  of  the  Brooks 
system  in  reducing  iadut^on  and  other  dietarbing  elements ;  various 
circuits  having  been  politely  put  at  the  examiners'  disposition  for  this 
purpose  in  the  Pennsylvania  Railroad  building. 

()ne  of  these  was  a  line  through  a  Brooks  oondait  to  the  Broad 
Street  Station,  and  a  return  through  the  earth.  This  line  gave  a  con- 
siderable amount  of  dieturbaace,  the  noise  being  rather  deep  than  loud, 
and  i-eminding  one  of  visible  movement.  The  voice  was  carried  clear 
and  distinct.  A  second  Brooks  circuit  was  metallic,  i,  e.,  the  message 
went  and  returned  by  wire,  the  distance  between  the  station  being  about 
1^  miles.  The  crackling  noise  was  audible,  but  not  loud  or  deep.  A 
line  to  Merion  Station  and  return,  by  overhead  wire  (1 4  milee),  worked 
nearly  as  well.  The  cracklii^  was  finer,  t.  e.,  shriller  and  mcov  con- 
tinuous, but  not  so  disturbing. 

No  means  were  available  for  testing  the  amount  of  interference  with 
each  other  of  the  several  wires  of  telegraphic  and  telephonic  circuits  in 
the  same  tube,  worked  simultaneously.  2,000  feet  of  wire  is  pulled 
through  each  length  at  a  time. 
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THE  CONTINENTAL  UNDERGROUND  CABLE  CO. 

("A.  it."  of  the  SeoHon'g  ClasdJicaHon.) 

Deaeription  by  the  Company,  edited  by  the  Sxaminers  undersigned. 

Tbis  company's  plans  consist  of  two  distiact  syatems.  The  first  is 
described  in  figures  1,  2,  3,  4  and  5,  and  the  seoond  is  described  in 
figures  6,  7,  8  and  9.  While  it  is  here  described  more  particularlj  aa 
an  electric  lighting  system,  it  can  as  advantageously  be  applied  to  wires 
for  other  uses  of  electricity,  and  is  adapted  to  cross  streets,  or  where 
one  company  wishes  its  own  separate  conduit.  The  first-mentioned 
system  being  the  trunk  line  system,  to  accommodate  all  the  different 
companies  in  one  plant. 

In  the  trunk  line  system  the  conduits  are  constmcted  with  a  view  of 
keeping  the  dampness  from  penetrating  them  by  either  making  the 
walls  of  asphalt  or  asphalt  blocks  (or  other  anti-moisture  material); 
or  by  constructing  the  walls  of  bricks  laid  with  cement  mortar  and 
covering  the  oat^de  of  the  wall  with  asphalt  or  cement  to  keep  the 
moisture  out,  and  then  keeping  them  constantly  under  pressure  of  dry 
air. 

Id  order  to  use  a  comparatively  cheap  cable,  the  conduits  are  kept 
dry  for  the  protection  and  preservation  of  the  cables.  And  further, 
they  are  kept  under  pressure,  and  objectionable  gases  are  kept  excluded, 
as  dampness  or  gases  will  not  enter  against  inside  pressure. 

At  first  sight  it  may  be  said  that  these  will  be  considerable  cost 
attending  tlie  process  of  pumping  dry  air  into  the  conduits,  but  a  con- 
duit of  one,  two,  or  three  miles  in  length,  may  be  kept  under  pressure 
by  a  very  slight  power  from  a  single  pump,  which  may  be  rented  any- 
where along  the  line  and  connection  made  to  the  conduits  at  a  very 
small  yearly  cost  to  the  company  in  conformity  with  the  plan  in  the 
patent. 

Every  electric  l^ht  company  having  an  engine  running  to  compress 
the  air  supplied  at  the  generating  station  for  the  tabes  containing  their 
own  wires,  as  shown  in  Fig.  6,  The  principal  object  in  keeping  the 
wires  and  conduits  under  dry  air  pressure  is  to  prevent  the  escape  of 
electricity  from  the  wires,  or  reduce  the  escape  to  a  minimum.  While 
this  principle  is  adapted  to  telegraph  and  telephone  wires,  it  is  particu-  ■ 
Uriy  adapted  to  underground  electric  light  wires,  where  very  heavy 
currents  are  passed;  for  on  long  circuits  the  lights  on  the  farthest  end 
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of  the  line  or  circuit  buru  dimly  aud  are  incapable  of  giving  that  bril- 
liancy of  illumination  for  which  they  are  designed,  nnless  the  intensity 
of  the  electric  current  is  greatly  increased  over  the  normal,  and  this  is 
injurious  to  the  lamps  near  dynamo  electric  machines  and  requires  a 
greatly  innreaaed  expenditure  of  power  used  in  the  generation  of  Ihe 
cnrrent.  By  the  use  of  the  means  employed  by  this  compiiny  to  retain 
the  full  force  of  the  electric  current,  it  is  claimed  that  the  distant  lamps 
burn  as  brilliantly  as  those  near  the  generators,  and  all  barn  with  a 
maximum  brilliancy  without  increasing  the  intensity  of  the  current 
over  the  normal,  aud  with  a  minimum  expenditure  of  power.  The 
accomplishment  of  this  result  depends  mainly  upon  two  phenomena, 
viz.,  the  absorption  of  the  moisture  ffom  within  the  conduits,  by  chemi- 
cally dried  air  (the  moisture  rendering  the  air  a  good  conductor),  and 
increasing  the  pressure  or  density  of  the  air  around  the  conductors  and 
within  the  conduit,  by  mechanical  means,  the  same  preventing  the  tree 
escape  of  electricity  from  the  wires. 

The  conduit  should  be  made  practically  air-tight,  with  an  air  com- 
pressor at  one  end  adapted  to  constantly  force  air  into  »iid  conduit 
under  pressure,  and  apparatus  to  contain  an  absorbent  for  the  extrac- 
tion of  the  moisture  from  said  compressed  air,  and  an  escape  or  pressure 
vaive  adapted  to  remain  closed  until  the  desired  pressure  of  air  is 
obtained,  and  attached  to  the  conduit  at  its  other  end  or  at  diffentnt 
places  along  the  conduit,  and  when  the  atr  compressor  is  put  in  motioD 
to  force  a  constant  current  of  air  under  pressure  into  the  main  and  out 
through  said  relief  valves,  and  thereby  insure  a  perfect  circulation  of 
chemically  dry  air  under  pressure. 

The  greater  the  pressure  or  more  dense  the  atmosphere,  and  the  more 
free  the  air  is  from  moisture  ;  the  less  liability  is  there  for  the  escape 
of  electricity,  and  vice  verm,  to  follow  a  natural  law  which  has  been 
demonstrated,  the  more  rarefied  the  air  around  an  electric  wire  and  the 
more  moisture  it  contains,  the  more  freely  will  electricity  escape  from 
the  wire.  By  this  process  every  part  of  the  space  within  the  conduit 
(not  occupied  by  the  wires  or  their  covering)  will  be  occupied  by 
compressed  or  dense  dry  air.  The  insulation  should  be  perfect,  as  there 
will  be  no  space  so  small  that  the  compressed  air  will  not  instantly 
penetrate  it.  In  the  case  of  electric  light  wires,  they  will  be  supported 
within  a  tube  by  glass  or  porcelain  supports,  as  represented  in  figures 
7  and  8,  and  each  wire  having  an  air  siaceaurrouuding  it,  the  dry 
compre&sed  air  will  encircle  each  wire  and  insulate  it  perfectly  from  all  ' 
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others.     A  slight  insulating  covering  as  an  extra  preciution  should  be 
used  on  the  electric  light  wires  also- 
One  of  the  simplest  I'orra^,  system  No,  1,  is  shown  in  Fig.  1.     A 
eouduit  for  one  or  more  cables  of  wires  is  arranged  on  eitlier  side  of 
the  track  to  accommodate,  coiubintid,  800  wires. 


Fro.  1.— Inside  measuremeut,  *14  s  IT  Inchaa.   Capacity,  SCO  wires. 

That  shown  in  Fig.  1  will  probably  be  sufficient  for  any  one  oom- 
pany  for  many  years  to  come,  but  where  more  wires  are  required  the 
capacity  of  Fig,  2  should  be  had,  and  any  i^iugle  company  will  prob- 
ably never  require  on  any  street  more  accommodation  for  wires  than 
can  be  had  by  the  conduit  shown  in  Fig.  1,  but  should  a  greater  capa- 
city be  required,  tlie  construction  shown  in  Fig.  2  may  be  used,  in 


FiQ.  Z—lDBlde  measuremetii,  Ux  IT  IiicIiph.    Cupaolty,  1,000  vrlree. 

which  it  is  seen  tliat  pockets  are  arranged  in  a  manner  similar  to  that 
shown  in  Fig.  1,  bat  two  deep.  In  place  of  arranging  pockets  as  shown 
in  Fig.  2,  they  may  be  arranged  as  shown  in  Fi^.  3 ;  in  which  the  pockets 
are  arranged  in  single  rows,  one  above  the  other,  four  deep. 

Figs.  4  and  5  show  the  system  for  laying  wires  on  a  larger  scale,  and 
which  is  especially  adapted  to  accommodate  a  number  of  separate  com- 


panics.  Each  of  said  figures  sliow  the  same  capacity  with  but  a  slight 
difTerence  in  cwnstruction,  the  arms  HU)>|)ortiiig  tlie  pockets  in  Fig.  4 
uniting  both  uprights  and  a  track  is  riimished  to  each  apartment  of  six 
pocicets;  while  in  Fig.  5  tlie  arms  or  brackets  do  not  thus  unite,  but 
leave  a  vertical  pa.sBage  way  from  top  to  bottom  of  the  conduit  wherein 
the  motor  or  carri^e,  running  upon  the  rail  of  tlie  bottom,  causes  its 
adjustable  arms  to  travel  when  in  the  act  of  laying  tl)e  curds,  wires,  or 
cables  in  the  various  pockets  upon  eitlier  side  of  said  passage  way.  For 
an  entire  city  only  one  motor  and  one  carriage  will  be  required,  or 
if  the  process  of  laying  the  wires  is  to  be  carried  on  by  either  the 
carriage  or  motor  alone,  then  the  one  or  the  other  may  be  dispensed 


Fio.  3.— iQilde  measatement,  II  i  IB  Inchea.    Capnclty,  1,000  wires. 

■with ;  the  pockets  are  made  8emi-<5'lindrioal.  three  inches  wide  at  the  top 
and  an  inch  and  a  half  deep,  or  they  may  be  made  nearly  cylindrical 
with  a  slot  on  the  upper  or  top  side  running  the  whole  length  to  admit 
of  the  chain  or  cord  being  laid  in  the  pocket  by  the  car  with  which  to 
draw  the  cables  into  position.  The  space  for  the  motor  is  between  five 
and  six  inches  wide,  but  reduced  to  two  indies  above  the  railway,  and 
as  it  extends  from  the  bottom  to  the  top  of  the  conduit,  access  to  the 


cables  without  r(imr>ving  them  from  Iheii'  |XK:kets  can  be  had  from  the 
top  if  at  any  time  it  shoald  be  clesireil  or  become  necessaiy. 


Fio.  4.— liisl<leiiie(unreineiit,2lxZ7  Inches.   Capnclly.T^  wlrn. 

A  vertical  space  of  one  to  two  inches  ia  left  between  the  upper  and 
lower  pochetB  to  enable  the  pa>«age  of  the  motor  or  carriage  arm  and 
also  to  enable  the  cable  to  be  tapped  and  the  wire  taken  through  an 
outlet.     (See  K,  Fig.  3.) 

Service  from  the  conduit  to  houses  may  be  made  by  a  connection 
run  under  the  sidewalk  and  into  the  cellar,  as  shown  in  Fig.  3,  con- 
veying wires  through  sdd  pipe  into  the  boueee.  The  conduit  before 
each  house  is  provided  with  a  plugged  branch,  which  may  be  opened 
for  connection  when  required. 

Where  a  number  of  companies  are  using  the  construction  shown  in 
Fig.  4,  each  of  said  companies  can  place  a  suitably  arranged  lock 
agtunst  admittance  to  their  respective  apartments. 
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Fig.  3  shows  aD  electric  motor  in  the  act  of  dramog  a  cord  or  wire 
cable  from  a  spool  supported  by  an  adjustable  upright,  temporarily 
placed  in  a  manhole  for  the  purpose;  this  cable  when  laid,  being 
adapted  to  draw  the  carrii^  thro;igh,  which  in  tarn  lays  a  series  of 
oords  or  cables  in  the  various  pockets,  as  shown  in  Fig.  2.  if  it  is 
required  that  the  carriage  make  two  or  more  tripe  successively,  then  the 
carriage,  in  being  drawn  through,  may  also  draw  through  an  additional 
cable  (see  Fig.  2),  by  which  said  carriage  may  be  returned  after  laying 
the  fint  lot  c^  cords  or  electric  cable,  and  be  in  readinees  for  a  second 
supply 


The  plan  i^  to  place  the  largest  number  of  wires  in  the  smallest 
possible  space  after  allowing  for  space  to  conveniently  get  at  the  wires, 
lay  and  relay  them,  for  taking  them  off  to  houses  and  for  circulation  of 
diy  air,  etc 

The  walls  of  the  conduit  may  be  built  of  blocks  made  from  asphalt 
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compouDdi  by  an  improved  process,  whereby  it  becomes  impervious 
to  moisture,  and  poeseesee  great  strength ;  and  the  metal  uprights, 
brackets,  andpockete,  are  oonaeoted  with  the  earth  to  carry  o£f  induced 
electric  currents  to  the  earth.  By  this  construction  the  conduit  can  be 
built  mote  cheaply  than  if  constructed  entirely  of  iron,  and  in  addition 
thereto,  is  not  so  apt  to  beoome  electrically  chained. 

The  cylindrical  sheet-iron  pockets  ueformed  by  machinery  and  in 
sections  of  jobr  to  six  feet  long,  the  ends  of  which  are  turned,  to  receive 
the  supporting  brackets,  which  clamp  sfud  pockets  end  to  end.  The 
uprights  and  brackets  are  bolt«d  together  in  a  manner  as  to  clamp 
firmly  the  ends  of  the  pockets,  tlius  uniting  the  adjacent  sections,  and 
thereby  securing  a  substantially  smooth  pocket  or  trough  extending 
from  one  manhole  to  the  next,  the  smooth  surlace  overcoming  any 
danger  of  injuring  the  cables  in  the  act  of  drawing  them  through,  and 
at  the  same  time  decreasing  the  labor.  The  uprights  and  pockets  with 
the  railway  are  fitted  in  the  macliine  shop,  and  several  sections,  secured 
together,  are  lowered  simultaneously  to  the  foundation  made  for  it  in 
the  street.     These  are  then  closed  in  and  the  conduit  is  complete. 

It  is  estimated  that  the  system  just  described  can  be  laid  with  a 
capacity  of  12  to  16  pockets  adapted  for  di^rent  companies  to  occupy 
separate  pockets  for  their  own  wires,  each  pocket  having  a  capacity  of 
100  to  200  wires  (according  to  the  kind  of  wires  or  cables  are  used), 
for  from  $8,000  to  $10,000  per  mile,  depending  upon  the  material 
used  in  the  masonry. 

Fig.  6  represents  a  general  view  of  our  electric  lighting  system  in 
which  we  have  to  deal  with  currents  of  electricity  of  high  electro-motive 
force.  In  snch  systems  in  moist  weather,  or  even  owing  to  the  dampness 
of  an  underground  conduit,  there  is  an  escape  of  tlie  current  and  this 
materially  reduces  its  tension  so  as  to  render  the  current  incapable  of  - 
producing  a  light  of  more  tlian  small  candle  power  at  a  short  distance 
from  the  generating  station.  This  has  been  one  of  the  obstacles  to 
placing  electric  lighting  wires  under  ground  where  the  current  was  to 
be  conveyed  over  long  distances. 

By  this  system  the  tension  of  the  current  is  retained  at  its  maximum, 
and  so  far  as  dampness  is  concerned  the  tension  is  unaffected,  thereby 
conveying  currents  underground  over  even  longer  distances  than  can 
be  done  above  ground,  under  the  ordinary  variations  of  the  hygrometric 
state  of  the  atmosphere. 

To  attain  this  end  the  air  within  the  conduit  is  kept  under  consider- 
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able  preflBore,  and  perfectly  dry.  If  there  is  any  appreciable  amount 
of  moisture  in  the  atmosphere,  the  air-piim|>  H,  foroes  the  air  first 
through  a  dryer  O,  which  absorbs  all  the  moisture,  and  the  chemically 
dried  air  passes  into  the  conduit  A,  and  when  the  pressure  becomes 
over  a  fixed  amount,  the  relief  valves  C,  allow  the  excess  of  air  to 
pass  off,  thus  keeping  the  prea^ure  in  the  conduit  uniform.  Currents 
of  high  tension  tend  to  pass  off  the  conductors,  but  this  tendency 
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decreases  as  the  pressure  of  the  surrounding  medium  (air)  increases, 
and  this  effect  is  greatly  increased  by  the  thorough  drying  of  the  air 
in  damp  weather  before  passage  into  the  conduit.  The  drying  chemi- 
cals may  be  used  over  and  over  again,  and  the  system  is  adapted  to 
any  substantially  air-tight  conduit.  As  the  jiressure  is  constant  there 
must  be  an  efflux,  and  should  there  be  a  small  leak  the  passage  of  air 
will  be  from  inside  outward,  thus  preventing  ingress  of  moist  air. 


Via.  (>.— Alrllgbt  manbole. 

Figs.  7  and  8  represent  .end  sections  of  conduits  for  electric  lighting 
pnrpoeee,  in  which  B  are  the  conductors  and  A  a  metal  pipe,  the  con- 
ductors B  being  supported  by  suitable  insulators  within  said  pipe. 
The  conduit  A,  Fig  6,  may  be  continnous  with  testing  doora  jn  the 
manholes  B,  or  if  desired  the  conduit  A,  may  be  open  on  the  ends 
where  it  enters  the  manhole ;  as  shown  in  Fig.  9,  in  which  the  door  J> 


is  made  air-tight  and  covered  by  iiii  auxiliary  cover  F  ob  the  road,  fhe 
said  door  D  being  pM>vided  willi  the  relief  vaKe  <?.  In  this  ooostruc- 
tioQ  tiie  manhole  ifl  filled  with  coiu]>re3Bed  air. 

'Dm  principle  may  be  applied  to  general  conduits,  which  may  aIbo 
cany  the  electric  light  wires,  or  instead  of  supplying  the  whole  oondait 
with  cotnpreflBed  wr  the  electric  liglit  wires  may  be  enclosed  in  leaden 
or  iron  tnbefl,  and  wfien  laid  in  the  conduit,  air'  may  be  forced  under 
pressure  through  said  pipes. 

Cbmmento  by  the  Examiner». 

While  the  system  just  described  is  more  particularly  intended  for 
electric  light  wires,  and  if  applied  ynccessfnlly  to  currents  of  high 
tension,  it  can  more  easily  maintain  a  good  electrical  condition  for 
tel^raph  and  telephone  wires;  and  a  pipe  conduit  3^  inches  in  diame- 
ter can  be  laid  for  about  ^3,000  per  mile,  and  will  contain  at  least 
300  wires. 

If  absolutely  dry  air  could  be  niaintaine<!  in  this  conduit,  no  doubt 
it  would  be  attended  with  many  of  the  advantages  claimed  for  it. 
But  it  would  be  exceedingly  difficult  to  ensure  in  any  conduit  of 
masonry,  however  carefully  built,  absolute  immunity  from  moisture, 
and  to  keep  such  a  conduit,  with  its  many  manholes  and  outlets  under 
air  pressure,  would,  it  is  thought,  be  quite  impracticable. 

The  employment  of  an  electric  motor  to  run  a  cord  or  chain  through 
the  duct  for  the  purpose  of  feeding  in  the  wires  appears  to  be  a  refine- 
ment which,  to  say  the  least  of  it,  lacks  simplicity.  Further,  the 
expense  of  maintaining  dry  air  under  pressure  by  a  separate  apparatus 
would  be  an  expensive  process  both  in  first  outlay  and  subsequent 
maintenance.  >  .      ',   . 

The  employment  of  dry  air,  however,  in  wrought-iron  pipes  has 
obvious  merits  as  a  cheap  and  manageable  insulator  and  is  well  worthy 
of  being  developed.  The  det^ls  of  the  system  have  not  yet  been  worked 
out,  and  the  models  exhibited  showed  a  new  principle^  but  not  so  far 
a  practical  system. 
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The  cosmopolitan,  USDERGROUND  TELEGRAPH, 
TELEPHONE  asd  ELECTRIC  LIGHT  COMPANY 
■  OF  NEW  jersey: 

,     Patented  May  8,  1883.      .   . 

{"A.  6."  of  the'Sedioii's  (ycmifioation.) 

This  conduit  is  construoted  of  blghly  glazed  terra  cotta,  in  sections 
two  feet  in  lengtfi,  with  a  tap  joint  on  the  tdp  and  ends,  and  is  bedded 
on  acast  iron 'or  terra  cotta  base  plate,        ' 

Its  inferidr  is  fitted  wHh  iron  frames,  placed  at  suitable  distances 
apart,  which  clanip  large  plates  of  some  suitable' insulating  material, 
shA  as  glass.  If  hare  wires  be  used,  they  may  be  drawn  directly 
through  the' holes, 'but  where  insulated  Wii^' are  employed,  the  open- 
ings ahoriia  be  fitted  with  short'sleeves  of  porcelain  or  glass,  to  prevent 
the  insulatidn  being  injnred. 

Some  of  th^  sections  ar^  fitted  with  tabularjin^ectrous  for  tapping 
the  wires,  wherever  required,  for  hOuse-to^houae  supply. 

Cast  iron  manholes  are  placed  at  suitable  fntervals:' 

The  slack  of  the'wires  is'takeo  up  eVeiy  fifteen  feet,  and  the  wires 
are  thien  clamped. 

All  the  joints  are  carefully  cemented  in  order  to  excldde  moisture. 

It  is  stated'  that  abdat  one  hundred  yards  of  this  system  has  been 
under  trial  in  Fourth  street,  Camden,  N.  J.,  and  that  the  cost  will  not 
exceed  doe  dollar  per  foot  tun. 

No  provision  is'  made'fbr  'ftverc<ii\iing  the  effects  of  induction  in 
telephone  wires.  After  the  duct  ha&  been  laid'and  filled  with  wires, 
no  addition  or  altetatidn  to  the  wires  can  be  made  Without  laying 
open  the  street  down  to  the  I^tfel  of  the  base  of  the  conduit  and  re- 
making alHhejoint?.' 
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THE   ELECTRIC    TUBE    COMPANY. 

DKDERGBOUND  CONDUCTORS. 
Statemetd  of  the  Company,  edited  by  the  Examiners  undereigned. 

The  essential  form  of  the  oonduftore  exhibited  by  Uiis  company  is 
that  of  an  iron  tube  contaiaing  one  or  more  copper  conductors  insulated 
from  each  other  and  the  encloeing  iron  tube,  and  having  all  remaining 
spaces  ID  the  latter  filled  with  an  extremdy  visooua,  almost  solid, 
insulating  compound,  which  becomes  fluid  at  a  high  temperature. 
This  nianufactured  product  is  termed  an  "  Electric  Tube."  These 
tubes  are  manufactured  in  fixed  lengths,  generally  twenty  feet.  The 
conductors  project  from  two  inches  to  three  inches  beyond  the  end  of 
the  enclosing  iron  tube,  and  two  lengtlis  of  electric  tube  are  joined 
together  by  means  of  copper  joints  soldered  to  the  projecting  conductors 
and  so  formed  as  to  allow  the  expansion  of  the  conductors  to  take 
place  without  injury  or  danger.  Such  joints  are  protected  by  a  cast 
iron  box  completely  enclosing  them  and  securely  fastened  to  the  ends 
of  the  tubes  enclosing  the  conductors.  This  box  is  then  filled  with 
the  same  compound  as  the  lube  and  hermetically  sealed. 

The  exhibit  of  thb  company  showed  the  gi-eat  range  in  the  size  and 
number  of  conductors  which  the  fundamental  form  of  cased  conductor 
permits,  and  the  great  flexibility  in  making  circuits  of  complicated  ram- 
ifications, which  is  giveu  by  the  plan  of  having  joints  at  frequent  inter- 
vak ;  and  the  methods  of  making  these  joints. 

To  illustrate  the  range  in  size,  etc.,  samples  of  electric  tubes  were 
shown  containing  conductors  varying  in  number  and  size,  from  a  single 
round  conductor  1*61  inch  diameter,  of  2,592,100  drcular  mils,  or 
2'036  square  inches  sectional  area,  in  an  iron  tube  2^  inches  outside 
diameter,  to  271  wires  No.  14  Brown  &  Sharpe  gauge,  of  4,100 
circular  mils,  or  '00322  square  incli  sectional  area,  in  an  iron  pipe  3^ 
inches  outside  diameter. 

To  show  the  manner  in  which  circuits  of  a  complicated  character 
may  be  made  with  this  form  of  conductor,  circnits  such  as  those  used 
for  incandescent  lighting  on  a  large  scale,  haviug  u  large  number  of 
derived  circnits  with  cfinduetors  nf  widely  difiering  sizes,  there  was 
exhibited  a  portion  of  an  underground  circuit  such  as  is  used  in  T.  A. 
Edison's  3-conductor  system  of  incandescent  lighting — a  system  usii^ 
tubes  of  which  the  cross  section  is  shown  by  Fig.  1. 
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This  exhibit  oousisted  of,  first;  a  "JunctioD  Safety  Catch  Box." 
This  is  a  hirge  louod  box  tlie  top  of  which  in  flush  with  the  sur- 
&ce  of  the  street ;  it  is  provided  with  a  loose  outside  cover,  and  a 
lighter  inside  cover  bolted  down  to  make  a  water-tight  joint  with  the 
box;  these  being  removed,  disclose  the  internal  electrical  connections 
in  a  readily  accessible  position,  six  inches  below  the  surface  of  the 
street  The  central  portion  of  the  box  is  occupied  by  the  "  Pole 
Pieces,"  consisting  of  as  many  rings  as  there  are  conductors  in  the 
system  (in  this  instance  three),  each  ring  having  as  many  radial  pro- 
jections as  there  are  tubes  entering  the  box  (in  this  instance  six),  these 
projections,  which  are  symmetrically  arranged  as  regards  polarity,  are 
all  brought  to  the  same  level  at  their  extremities  and  terminate  in 
plane,  polished,  gold-plated  surfaces  one  inch  square,  which  are 
arranged  equidistant  from  each  other  in  a  circle  around  the  centre  of 
the  box.     Each  of  these  surfaces  has  a  tapped  hole  in  the  centre. 
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In  a  circle  outside  the  pole  pieces,  are  as  many  "  Safety  Catch 
Joints"  as  there  are  conductors  entering  Che  box  (in  this  instance  18), 
these  safety  catch  joints  are  arranged  radially  opposite  the  extremities 
of  the  projection  of  the  pole  pieces;  each  consists  of  a  copper  or 
composition  pieoe  which  has  a  copper  rod  soldered  into  it  projecting 
about  eight  inches  downwards  into  the  body  of  the  box,  the  upper 
end  of  the  composition  or  copper  piece  terminating  in  a  plane,  inch- 
square,  gold-plated  surface,  the  same  as  those  on  the  pole  pieces.  These 
surfaces  of  the  safety  catch  joints  are  on  the  same  level  as  the  similar 
surfaces  on  the  pole  pieces,  and  radially  opposite  and  equidistant  from 
them. 

Two  feet  below  the  top  of  the  box  (that  is  the  surface  of  the 
ground)  the  electric  tubes  fin  this  instance  7)  enter  the  box  and  are 
rigidly  attached  to  it,  the  joint  being  made  water-tight.  The  pole 
pieces  and  the  safety  catch  joints  are  all  insulated  from  each  other,  but 
rigidly  attached  to  a  support  rising  in  the  centre  from  the  bottom  of 
the  box. 

Flexible  copper  cables  join  each  conductor,  of  each  tube,  with  one  of 


the  copper  rods  which  priject  dowiiwiirds  from  the  safety  cateh  joints, 
80  that  by  means  of  flat  saft'ty  catclies  placed  across  from  the  safety 
catch  joints  to  the  corrcspondiug  projeitiqus  of  the  pole  piece3,  all 
conductors  of  like  polarity  are  juineil  together  at  this  point  with,  a 
safety  catch  in  each  circuit  in  a  readily  a^^cessible  position,  where  it 
can  easily  be  removed  or  replaced.  Such  a  box  equalizes  the  electro- 
motive force  at  that  point  of  all  lines  entering  it,  or  if  one  of  the 
tubes  is  a  feeder,  that  is,  runs  l)ack  to  the  dynamos,  the  box  is  a  dis- 
tributing point  for  several  circuits  whioli  may  or  may  not  be  brought 
t(^ether  again  at  some  other  place. 


The  conductors  in  the  tubes  entering  this  box  may  be  of  any  size  to 
suit  the  requirements  of  the  different  circuits.  The  circuits  shown 
entering  this  box  vary  from  350,000  circular  mils,  to  133,000  circular 
mils,  area  of  conductor,  and  are  arranged  to  show  bow  they  may  be 
laid,  bent  in  different  degrees  to  right  or  left,  joining  each  other  at 
their  extremities;  crossing  cncli  other  and  joined  tt^ether  at  the 
crossing;  joining  other  circuits  at  any  point  in  the  length  of  the  latt^; 
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reduced  in  stzeat  aoj'  poiut  of  their  owii  lengths,  aod  having  derived 
cirouits  of  any  size  taken  from  them  at  any  pointof  their  own  lengths  ; 
and  having  ail  these  varied  connections  of  different  sized  conductors 
made  by  means  of  a  comparatively  small  number  of  standard  patterns 
of  connecting  joints,  boxes  covering  the  joinlfi,  and  ball  clamps 
attaching  the  boxes  to  the  iron  tube  enclosing  the  conductors. 

The  ball  clamps,  in  connection  with  the  boxes,  are  essential  features 
of  all  underground  conductors  of  this  company's  exhibit. 

Figs.  2,  3  aud  4  illustrate  the  forms  of  these  parts  and  the  manner 
in  which  they  are  used. 


Fig.  2  shows  the  top  and  bottom  halves  of  a  *'  Coupling  Box,"  a  3- 
conductor  system,  and  Fig.  3a"  Ball  Clamp,"  whilst  Fig.  4  shows 
the  bottom  half  of  the  same  coupling  box  with  tubes  and  ball  clampe 
in  place  and  jointa  connected.  The  two  parts  of  the  ball  clamp  being 
bolted  together  on  the  tube  are  thus  securely  clamped  to  it,  the  hemi- 
spherical parts  come  together  to  make  a  sphere  which  fits  the  spherical 
socket  in  the  nozzle  of  the  box ;  the  two  together  thus  form  a  ball 
and  socket  joint,  allowing  free  angular  movement  of  the  tube  in  any 
direction,  but  preventing  longitudinal  movement  of  the  box  on  the 
tube.  The  angular  movement  allowed  by  the  ball  and  socket  is 
limited  to  any  amount  in  any  direction,  by  providing  a  rib  inside  the 
box  (either  separate  as  in  Fig.  11,  or  forming  the  inside  bpening  of  the 


ball-socket  of  the  box,  as  in  Fig.  2)  of  Buoh  a  form,  that  when  the 
extreme  amoant  of  angulai-  movemeDt  to  be  allowed  in  any  one 
directioD  is  obtained,  the  tube  projecting  into  the  box  through  the  ball 
clamp  comes  in  contact  with  this  rib,  thus  stopping  any  further  move- 
ment in  tfab  direction. 


The  box  is  made  of  such  size  and  form,  that  when  the  tubes  have 
the  extreme  angular  movenent  allowed  there  is  still  ample  space 
betweeu  the  joint  and  the  box  to  prevent  the  two  coming  in  contact. 
Botary  movement  of  the  box  on  the  tube  is  prevented  by  means  of 
the  small  lug  on  the  ball  of  the  clamp  which  loosely  fits  sidewise,  the 
slot  shown  in  the  socket  of  tlie  box,  the  slot  being  sufficiently 
elongated  lengthwise  that  the  lug  may  have  free  play  in  that  direction 
within  the  limit  ot  angular  deivation  allowed. 


The  limiting  rib  inside  the  box  is  made  to  give  the  angular  move- 
ment allowed,  when  the  lai-gest  size  of  iron  tube  that  will  go  into  the 
box  is  used,  but  any  smaller  iron  tube  may  be  used  in  this  box  (as,  for 
example,  in  reducing  the  size  of  the  conductor  at  this  point)  by  means 


of  a  ball  olsmp,  of  the  form  shown  in  Fig.  5,  with  a  ball  to  fit  the  boz,- 
but  with  a  smaller  semi-cjlindrical  groove  in  each  half  to  fit  the 
smaller  iron  tube;  this  clamp  has  in  addition,  as  shown,  a  semi-<^lin- 
drical  ring  concentric  with  the  groove  cast  on  the  ball  of  each  half ;  the 
two,  when  the  two  halves  are  clamped  together  on  the  iron  pipe, 
forming  a  cylinder  projecting  into  the  box,  of  the  same  outside  diam- 
eter as  the  largest  iron  tube  that  will  go  in  the  box :  this  projection 
on  the  clamp  striking  against  the  limiting  rib  inside  the  box,  limita 
the  angular  movement  of  the  smaller  iron  tube  to  the  same  amount  as 
when  the  largest  size  of  iron  tube  that  will  go  in  the  box  is  used. 
Therefore  the  ball  clamp  and  box,  as  described,  whilst  making  the  iron 
envelope  of  the  conductors  mechanically  continuous,  and  preventing 
rotary  movement  of  the  boxes  on  the  tube ;  allow  an  angular  deviation 
(in  this  case  1  in  10)  in  every  direction,  at  each  end  of  every  box, 
which  gives  a  degree  of  fiexibility  to  the  whole  line  (in  this  instance 
11^  degrees  at  each  joint)  and  at  the  same  time  renders  it  impossible 
that  till!  joint  should  touch  the  box,  with  the  extreme  amount  of 
angular  deviation  allowed.  The  ball  clamp,  modified  as  shown  jn 
Fig.  5,  also  permits  the  use  in  any  box  of  any  tube  smaller  than  the 
largest  that  will  go  in  the  box,  whilst  preserving  the  same  limit  of 
angular  movement 


The  flexibility  of  the  whole  line  thus  obtained  is  necessary  for  rapid 
and  cheap  laying  in  streets,  where,  from  the  number  of  gas,  water  and 
other  pipes,  aewer-manholee,  etc.,  it  is  impossible  to  run  tubes  in  a 
straight  line  for  any  distance. 

The  joints  for  3-conductor  tubes  consist  of  pieces  of  copper  wire 
rope,  having  cast  or  brazed  on  their  ends  suitably  shaped  composition 
sockets,  in  which  are  drilled  holes  to  fit  the  size  of  copper  conductor 
for  which  they  are  intended,  and  to  which  they  are  soldered  in  laying 
the  line.  The  joints  necessary  to  obtain  the  results  illustrated  by  the 
exhibit  are :  "  Coupling  Joints,"  for  connecting  two  tubes  in  a  straight 
line  (Fig.  6  shows  ihe  form  of  one  piece,  three  such  pieoes  being  used 
for  a  complete  joint) ;  "  90"  Elbow  Joints,"  for  bending  90°  to,  right 
3** 
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or  left,  and  "  45°  Elbow  Joints,"  for  bending  45°  to  right  or  left. 
Fig.  7  shows  three  forms  of  pieces,  difierent  combinations  of  which 


will  make  all  kinds  of  elbow  joints.  "  Branch  Joints,"  by  which,  to 
any  coupling  joint  in  a  line  of  any  sized  electric  tube,  may  be  attached 
a  branch  to  one  side,  or  one  to  each  side,  of  any  sizes  not  larger  than 
the  main  line.  Branches  of  sizes  lat^r  than  the  main  line,  being  of  rare 
occurrence,  are  not  allowed  for  in  the  standard  patterns  for  branches  enu- 
merated below,  but,  when  required,  may  be  made  by  a  slight  modifica- 
tion of  the  latter.     Fig.  8   shows  three  forms  of  pieces,  di&erent  com- 


binations of  which  will  make,  to  either  or  both  sides  of  any  coupling 
joint,  branches  of  all  sizes  ordinarily  required ;  a  few  of  the  laigest 
sized  branches  require  special  patterns  of  modified  forms,  which  aie 
enuumerated  below.  The  form  of  socket  of  the  coupling  Joint  shown 
in  Fig.  6  gives  the  copper  wire  rope  of  the  joint  a  bowed  fonn  when 
the  joint  is  in  place,  to  allow  for  the  expansion  of  the  conductors  in 
each  electric  tube.     Tlie  form  of  thi:;  joint  when  in  plaoe  is  seen  in 
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Fig.  2.  Fig.  6  shows  that,  in  additioD  to  the  hole  which  fits  the  con- 
ductor, each  coupling  joint  socket  has  another  hole  drilled  in  it;  the 
male  sockets  on  the  ends  of  the  branch  joint  pieces  (aee  Fig.  8)  fit 
these  holes  and  are  solderad  in  them  in  attaching  a  branch  joint ;  the 
female  sockets  on  the  other  ends  of  the  branch  joint  pieces  are  drilled 
to  fit  the  conduetors  of  the  electric  tube  used  for  the  branch  lines. 
Fig.  9  shows  a  coupling  joint,  with  a  branch  joint  attached,  in  the 
bottom  half  of  the  box  used  for  covering  this  kind  of  joint. 


The  3'Conductor  system,  so  far  as  it  is  exhibited,  has  21  different 
sizes  of  electric  tubes,  having  conductors  varying  from  500,000  to 
27,000  circular  miles  sectional  area.     The  enclosing  iron  tubes  are  of 

5  different  sizes,  varying  from  2f  inches  to  1^  inches  outside  diam- 
^er.  All  connections  are  made  with  10  patterns  of  boxes,  8  patterns 
of  ball  clomps,  and  patterns  of  43  pieces  for  all  joints;  of  the  latter, 

6  patterns  are  required  for  coupling  joints  for  all  sizes,  3  of  these  pat- 
terns are  also  used  for  elbow  joints,  which  require  15  patterns  in 
addition,  making  21  patterns  for  all  varieties  of  all  sizes  of  coupling 
and  elbow  joints.  The  remaining  22  patterns  are  for  branch  joints, 
and  12  of  these  will  make  any  combination  ordinarily  required,  the 
other  10  being  for  use  in  cases  which  rarely  occur. 

Electric  tubes  are  exhibited  cut  away  to  show  the  internal  construc- 
tion, which  consists  in  wrapping  each  copper  conductor  with  a  layer  of 


insulating  tape,  and  winding  each  taped  couductor  spirallj  with  rope 
impregnated  with  ioeulatioD ;  the  pitch  of  this  winding  is  large  com- 
pared with  the  diameters  of  the  rope  used,  so  that  the  windings  of 
the  Beveral  ooniiuctors  fit  between  each  other  when  the  condnctors 
are  placed  together;  as  many  conductors  as  are  to  go  in  one  tube, 
being  so  placed  together,  they  are  bound  leather  by  a  final  spiral 
winding  of  rope  around  them  all,  and  the  bundle  of  conductors  thus 
formed  being  introduced  into  an  iron  tube,  the  process  of  manufac- 
ture is  completed  by  filling  the  tube  with  insulating  compound 
liquid,  at  high  temperature,  ready  access  being  afforded  the  latter 
throughout  the  length  of  the  tube,  along  the  spiral  paths  formed  by 
the  rope-winding  of  the  conductors. 


<D 


Another  variety  of  electric  tube  is  illustrated  by  an  exhibit  of  a 
complete  set  of  sample  tubes  for  the  2-conductor  system  of  incan- 
descent lighting,  and  typical  examples  of  the  boxes,  ball  clamps  and 
joints  used  with  them.  The  conductors  in  this  system  vary  from 
1,639,890  circular  mills,  or  1'2879  square  inches,  sectional  area  in 
a  tube  3^  inches  outside  diameter,  to  33,015  circular  mills,  or  0*92693 
square  inches  sectional  area  in  a  tube  1^  inches  outeide  diameter, 
and,  there  being  only  two  in  a  tube,  economy  of  space  in  the  latter 
is  secured  by  making  the  conductors  in  the  form  of  segments  of  cir- 
cles, as  seen  in  Fig.  10,  which  shows  a  cross  section  of  one  of  these 
tubes.  The  joints  for  these  tubes  are  of  cast  copper,  the  allowance  at 
coupling  joints  for  expansion  of  the  conductors  being  given  by  mak- 
ing the  joints  with  a  U-ahaped  bend,  projecting  at  right  angles  to  the 
line  of  the  tube,  the  section  of  the  joint  in  the  U  being  flattened  to  a 
parallelogram,  long  in  comparison  with  its  width,  as  is  seen  in  Fig.  11, 
which  shows  a  coupling  joint  for  this  system  of  tubes,  wi^  bottom 
half  of  coupling  box.  Holes  are  bored  in  all  joints  of  the  same  form 
as  the  conductors  for  which  they  are  intended,  and  to  whitji  they  are 
soldered  in  laying.  Boxes  are  exhibited  with  short  tubes  entering 
them,  and  joints  connecting  the  latter,  showing  the  forms  assumed  by 
different  sizes  and  varieties  of  coupling  elbow  and  branch,  joints  and 
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boxes.     Fig.  12  shows  one  variety  of  one  aize  of  90"  elbow  joint, 
with  bottom  half  of  elbow  box. 

In  both  the  3  and  2  conductor  srstems,  boxes  and  joints  are  shown 
for  use  in  in-door  lines  of  these  tubes.  The  flexibility  of  the  line 
which  is  required  for  underground  work,  and  which  is  given  by  the 


ball  and  socket  connection  of  clamps  and  boxes,  is  not  t 

in-door  lines ;  the  boxes  may  therefore  be  smaller  on  this  account,  and 

also  on  account  of  the  absence  of  the  ball  clamps,  the  mechanical  con- 


tinuity of  the  iron  envelop  of  the  conductors  being  secured  in  small 
space  by  means  of  a  ring  which  is  screwed  on  the  threaded  end  of  the 
iron  pipe  and  fits  in  a  groove  cast  in  tlie  neck  of  the  box  (which  neck 
fits  the  iron  tube);  this  box  b  made  in  halves,  which  are  bolted 
together  over  the  joint,  the  end  of  the  tube,  and  the  ring  screwed  on 
the  latter. 

tJndeiground  arc  light  circuite  were  illustrated  by  two  exhibits  show- 
ing the  character  of  the  tubes  and  joints  and  the  method  of  taking 


loops  to  l&mpe.     One  showed  tubes  with  two  round  coiiductors  for  a 
complete  circuit  id  cue  tube. 

Fig.  13  showB  this  exhibit,  aud  the  method  of  making  the  joint  so 
that,  the  branch  tube  being  led  off  to  a  lamp  or  lamps,  the  two  oon- 
ductora  of  the  branch  fonn  a  loop  of  the  main  line.  The  seotrnd 
exhibit  ebows  the  case  of  a  circuit  completed  by  a  line  on  another 
street.  In  this  exhibit  the  main  line  tubes  entering  the  box  have 
only  one  conductor  each,  flie  conductor  of  each  tube  being  joined  to 
one  of  two  conductors  of  the  third  tube,  forming  a  loop  from  the  main 
line  of  a  single  conductor.  The  joints  are  of  wire  rope  of  the  same 
character  as  the  joints  for  the  S-oonductor  system.  Bait  clamps  are 
used  to  connect  tubes  with  boxes. 


A  distinct  variety  of  electric  tube  is  that  designed  for  tel^^phio 
and  telephonic  use.  In  this  case,  the  conductors  being  large  in  number 
and  small  in  size,  instead  of  the  spiral  rope  winding  round  each  con- 
ductor, the  insulating  covering  is  continuous,  and  a  rope  winding  is 
only  used  round  the  outside  of  a  bundle  of  such  wins.  The  wires  are 
laid  together  regularly,  on  the  basis  of  a  hexagonal  cross  section  for 
the  bundle,  and  at  each  end  are  threaded  through  wooden  screens  which 
have  holes  drilled  in  them,  in  the  same  relative  positions  as  the  wires 
occupy  in  the  tube.  At  one  end  of  each  tube,  before  being  threaded 
through  the  screens,  the  wires  are  woven  together  so  as  to  diange  the 
relative  positions  of  the  wires.  This  operation  of  weaving  is  simple 
and  systematic,  and  the  same  for  all  tubes  with  the  same  number  of 
wires,  and  is  arranged  on  such  a  basis,  that  in  conjunction  with  a 
systematic  rotation  of  consecutive  tubes,  alternately  to  right  and  left, 
in  the  process  of  laying,  it  produces,  in  a  series  of  long  period,  method- 


icaJ  changes  in  the  relative  positiona  of  the  wiree  in  consecutive  tubes, 
for  the  purpose  of  neutralizing  the  effects  of  inducUoD.  In  making  the 
joints  of  theee  tubes,  wires  threaded  through  corresponding  holes  id 
the  screens  are  bent  outwards  and  placed  together  in  the  same  notch 
of  a  series  of  notched  wooden  slats,  one  for  each  layer  of  wires  in  the 
joint,  which  are  built  up  one  above  the  other,  as  the  process  of  making 
the  joint  proceeds.  "When  all  the  wires  are  so  bent  out,  the  ends  are 
clipped  off,  leaving  about  1  inch  projecting  through  the  wall  of  notched 
slats ;  the  insulation  is  then  slipped  off  tbe  ends  and  each  pair  joined 
by  a  small  sleeve,  which  is  soldered  to  them  to  make  the  joint.  In 
general,  the  joints  of  half  the  wires  are  made  on  one  side  and  half  on 
the  other  side  of  the  box.  Grooves  are  provided  in  the  boxes  into 
which  they  fit  the  wooden  screens  through  which  the  wires  are  threaded, 
and  the  series  of  wooden  slats  built  up  iu  making  the  joint,  holding 
these  securely  in  place.  By  this  method  of  making  the  joints,  every 
joint  of  every  wire,  at  intervals  of  20  feet,  is  brought  into  a  position  in 
■which  it  is  readily  accessible  for  purposes  of  testing,  making  conneo- 
tioos,  etc,  without  interfering  with  any  other  wire,  so  that  at  any  sach 
joint,  loops  or  single  service  wires  may  be  attached  to  any  or  all  of 
the  wires  in  the  line.  A  line  of  this  character,  containing  37  wires  was 
exhibited,  with  several  consecutive  boxes  and  joints  to  show  the  system 
of  weaving  wires  in  conjunction  with  alternate  rotation  of  tubes.  Such 
a  line  is  adapted  more  particularly  to  telegraphic  uses.  Another  box 
was  exhibited,  constructed  with  especial  reference  to  the  needs  of  tel&- 
phone  service,  for  which,  in  addition  to  trunk  lines  between  stations,  a 

.  number  of  wires  are  required  for  services  in  each  block,  and  only  run 
from  the  station  to  that  block,  thus  giving  a  line  between  two  stations 
a  size  decreasing  gradually  from  each  station  to  some  point  between 
them.  The  lx)x  exhibited,  which  showed  a  joint  in  a  line  of  217 
wires,  had  a  low  turret  rising  from  its  upper  half,  the  top  of  this 
turret  was  closed  by  a  loose  outside  cover  and  an  inside  cover  bolted 
down,  and  making  a  tight  joint  with  the  box  by  means  of  a  rubber 
gasket ;  the  whole  being  made  water-tight  by  filling  the  space  between 
the  two  covers,  with  the  insulating  compound.  In  every  sudi  box, 
along  the  face  of  a  block,  all  those  wires  which  are  intended  for  use  as 
services  in  that  block,  are  bent  upwards  instead  of  outwards,  in  making 

.  Ae  joint  so  that  the  joints  of  all  such  wires  project  upwards  into  the 
turret  and  are  held  in  position  by  a  wooden  frame  shown,  whilst  the 
the  joints  of  all  other  wires  are  made  out  to  the  sides  at  a  lower  level ; 
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^ia  airaogeiiieiit  allows  the  box  to  be  filled  with  ioBulating  oompound, 
oovering  all  the  wires  and  all  jointo,  except  tbe  joints  of  those  wires 
inteaded  for  nse  in  tltat  block,  which  latter  joints  prcgect  up  above  the 
surface  of  the  compound,  and  on  removing  the  cover  of  the  turret  are 
all  immediately  aocceesible  at  every  box  along  the  block,  for  attach- 
ment of  services,  to  any  or  all  of  them.  Tapped  holes  are  provided 
aroaod  the  turret  on  the  level  of  the  joints  of  service  wires,  into  which 
service  tubes  may  be  screwed,  if  electric  tubes  are  used,  or  brass  nipples 
to  which  are  soldered  the  lead  covering,  if  lead  covered  wires  are  used 
for  service  connections. 

This  company  also  exhibits  specimens  of  lead  covered  wires  of  small 
sizes,  and  a  specimen  of  flexible  heavy  conductor  for  indoor  use,  with 
large  currents  consisting  of  copper  wire  rope,  taped,  wound  and  lead 
covered.  They  also  exhibit  specimens  of  insulating  tape,  in  rolls  of 
126  feet,  conduuoos  length,  varying  in  width  &om  6  inches  to  |  inch, 
and  jats  of  the  insulating  compound  used  in  the  tubes  and  boxes. 


QmmenU  by  the  Examiners  Undersigned. 

This  Systran  may  be  summed  up  as  belonging  to  division  "A  a"  of 
tbe  Section's  arrangement,  or  that  in  which  the  electrodes  are  per- 
manently sealed.  When  any  portiou  of  an  electrode  is  destroyed  a 
new  one  is  not  introduced,  but  a  new  length  of  pipe  is  substituted, 
coot^niug  the  necessary  number  of  wires  and  attached  at  its  extremi- 
ties. The  details  are  very  fully  given,  and  with  the  cuts  render  it  un- 
neoessaiy  to  repeat  them.  With  a  large  stock  of  lengths  and  boxes 
and  with  trained  workmen,  the  work  of  laying  the  conductors  only  a 
few  indiee  below  tbe  surface  of  the  streets  would  be  comparatively 
rapid.  While  in  the  tentative  stage  of  underground  service  this  does 
not  present  the  same  amount  of  convenience  as  a  system  where 
wires  may  be  introduced  and  removed  at  will;  and  presents  the 
objection  common  to  all "  section  "  systems  that  the  conducting  capadly 
of  the  whole  line  is  that  of  the  most  imperfect  of  splices  made  every 
twenty  feet,  yet  it  answers  the  demands  upon  it  much  better  than  those 
systems  which  require  expensive  and  tedious  derangements  of  the 
street  in  order  to  accomplish  repairs.  The  seat  of  an  accident  to  one 
of  the  wires  of  this  system  is  located  from  the  central  office,  on  and 
between  known  streets.  The  mauholeisopened  and  the  safety  catches 
first  of  all  examined.    The  managers  assert  that  the  place  of  the  break 
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can  then  be  so  aocnratel7  located  tlint  the  length  containing  it  (nsnally 
about  twenty  feet)  may  be  st  once  removed  and  replaced  by  another. 

The  telephone  and  telegraph,  and  the  light  and  power  wires  are  not 
enclosed  in  the  same  tube.  The  insulating  material  with  which  the 
boxes  are  filled  ie  still  flexible  at  32°  F.,  but  brittle  at  0°  F. 

The  method  of  laying  and  tapping  for  private  dwellings  would 
seem  to  afford  complete  protection  against  lightning.  The  three-wire 
system  which  has  been  grafted  upon  the  Edison  conduit  system  effects 
a  saving  of  62  per  cent,  on  that  required  for  the  two  conductor  system, 
in  the  copper  necessary  for  couductors. 

The  light  and  power  system  are  not  adapted  for  use  by  various  com- 
panies, independently,  though  the  telephone  and  tel^raph  conduits 
might  be  so  applied. 

The  details  of  this  sysf«m  have  been  so  perfectiy  elaborated,  that  in 
view  of  the  fact  that  no  complete  description  of  it  has. been  heretofore 
made  public,  the  ooder^gned  deemed  the  above  full  report  desirable. 


THE  NATIONAL  UNDERGROUND  ELECTRIC  COMPANY 

OF  NEW  JERSEY. 

{"C."  of  the  8eethn'$  GUam^aation.) 

This  conduit  consists  of  a  number  of  metal  tnbes  imbedded  In  a 
kind  of  insulating  pitch,  formed  iu  a  suitable  trough.  At  the  corner 
of  each  street  there  is  a  water-tight  man-hole  for  hauling  in  or  out 
wires  as  required.  Provision  is  also  made  for  tapping  wires  for  house* 
to-house  supply.  This  forms  the  subject  of  a  separate  patent.  It  is 
proposed  to  pUce  telephone,  tel^raph  and  electric  light  wires  in  different 
tubes,  BO  that  they  shall  not  interfere  with  one  another.  The  metallic 
lining  of  the  dncts,  it  is  claimed,  will  pass  oS  readily  any  induced 
currents  which  maybe  generated.  The  moisture  or  damp  can  be  kept 
out  by  forcing  dry  air  through  one  or  more  of  the  tubes  or  conduits 
from  a  fixed  plane  along  the  line. 

The  Company  state  that  the  cost  of  the  conduit  per  mile  will  be 
$8,300.  A  mile  of  condnit  has  been  laid  under  Market  street,  Phila- 
delphia. The  committee  were  unable  to  examine  its  condition,  as  it 
contains  no  wires  at  present. 

(No  eleotrotypes  were  furraahed  by  the  company  to  aocxmpany  thw 
rgwri.) 


HENDLEY'S  CONDUIT  FOR  UNDERGROUND  LINES. 

"A .  b."  of  the  Seetum's  C^as»ifu>ation.) 
Deacription  of  Inventor,  edited  by  (he  Mcaminers  underngned. 

This  system  coD^ifits  of  a  semi-oylmdrical  trough  or  conduit  for  the 
reception  of  the  coaductora,  with  a  suitable  cover  of  any  desired  con- 
figuration, angular  shaped  being  preferred,  as  by  it«  removal,  when 
necese&ry,  the  wires  and  their  supports  are  more  thoroughly  exposed. 
Below  the  trough  and  integral  thcrewitli,  is  a  drain^pipe  of  suitable 
diameter,  for  carrying  off  all  moisture  that  may  find  its  way  into  the 
conduit  by  condennation,  exudation  or  leakage.  A  narrow  slot  extend- 
ing throughout  the  length  of'  the  trough  opens  therefrom  into  the 
drain-pipe,  the  curved  sides  of  the  former  rendering  it  almost  impossi- 
ble for  any  heavy  particle  of  moisture  to  remain  thermn,  this  slot 
serves  also  to  sustain  the  bolts  which  pass  through  the  shoe  to  which 
the  standard  of  the  wire  supports  are  secured,  thus  rendering  it  easy 
to  place  the  supports  at  such  intervals  as  may  be  desired,  along  the 
conduit.  This  structure,  with  the  supporting  arms  is  reallf  "  a  tele- 
graph pole  underground."  Modifications  of  these  slotted  arms  have 
been  suj^ested,  which  it  is  thought  would,  in  practice,  make  this 
feature  thoroughly  effective. 

Testing  chambers  are  placed  at  such  snitable  points  along  the  line 
as  may  be  necessary,  and  in  these,  provision  is  made  to  lest,  tighten 
and  otherwise  manipulate  the  wires.  A  fnll  description  of  this  feature 
of  the  system  cannot  be  ftilly  set  forth  herein.  At  one  side  of  the 
oonduit  brackets  are  secured,  and  from  these  rods  extend,  ova*  whidi 
travelers  having  suitable  pulleys  in  their  interior  which  move  on  the 
rods,  pass  and  carry  the  wires  from  man-hole  to  man-hole,  cords  aie 
attached  to  each  side  of  a  traveler,  and  pass  thence  to  reels  secured 
Dear  the  surface  of  the  earth,  these  man-holes  can  be  placed  at  frequent 
intervals  along  the  line,  by  securing  wires  to  a  suitable  clamp  at  the 
bottom  of  the  traveler,  and  they  may  be  run  in  at  any  point  simply  by  - 
reeling  in  the  cord. 

Pipes  for  inducing  currents  of  air  are  led  into  chimney  stacks  the 
heat  of  which  is  made  available  for  that  purpose,  or  they  may  pass 
into  the  open  upper  air,  and  currents  of  hot  or  cold  dry  air  may  be 
forced  into  the  conduit  by  means  of  fan  blowers,  both  devices  may  be 
used,  though  either  separately  would  be  effective  for  carrying  off  all 
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the  lighter  pArticLes  of  moisture,  and  thereby  keeping  the  conduit 
thoroughly  dry  and  at  a  uniform  temperature  all  the  year  round,  and 
thufi  rendering,  it  is  thought,  a  thorough  insulation  of  the  conductors 
unnecessary.  Provision  may  be  made  by  this  system  for  a  future 
increase  in  the  number  of  conductors  to  be  employed,  without  having 
to  tear  up  the  streets,  so  that  when  once  the  system  is  built  it  remains 
a  permanent  and  available  plant,  adapted  not  only  to  present  but  to 
future  use. 

CanunaUa  by  Eiraminers. 

This  oonduit  consists  of  a  semi-cylindrical  trough  of  iron,  terra 
cptta,  or  preferably,  of  glass,  fitted  with  an  angulai^baped  cover.  At 
the  bottom  of  the  conduit  tb^re  is  a  pipe  connected  to  it  by  a  slot,  for 
the  purposes  of  drainage,  and  for  fixing  a  standard  with  recessed  and 
iusutated  anas  for  carrying  the  wires. 

Man-holes  are  provided  at  suitable  points,  and  also  small  pipes  for 
house  to  house  supply. 

Provision  is  made  for  either  ventilating  the  conduit  by  induced  cur- 
rents of  air,  or  of  forcing  hot  or  cold  air  through  it  in  order  to  expel 
all  moisture.  No  provision  is  made  for  induction  in  telephone  wires. 
The  standards  carrying  the  wires  are  secnted  to  the  conduit  by  one 
bolt  each,  and  it  would  seem  diGBcult,  without  continual  inspection,  to 
keep  them  in  position. 

Note. — Neither  the  Inventoj  nor  any  one  representing  him  could  be 
fonnd  to  answer  the  quwtlona  of  membere  of  £he  BecUou  hb  to  his  method 
ofmnnlng  In  wires,  etc,  and  no  eetlmato  of  cost  was  furnished. 
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MAGNER'S  UNDERGROUND  CONDUIT. 

Patented  Juhe  10, 1884. 
("  A.  b."  of  the  SecHon'e  daanJicaHon.) 

This  system  conaists  of  a  coadait  coDBtnicted  of  cast  iron,  term  cotta, 
etc.,  having  a  longitudinal  slot  A'  at  its  top,  for  the  introdiictioQ  of 
wires  or  cables.  This  slot  is  beveled  and  made  tight  hy  bolts  and 
clamps  bearing  on  the  inside  of  the  conduit  (See  Fig.  6.)  llie  joint  is 
further  secured  by  suitable  packing. 

The  wires  or  cables  are  supported  on  insulated  rollers,  which  revolve 
freely  on  a  series  of  horizontal  shafts,  suitably  supported  and  arranged 
one  over  the  other.  These  rollers  may  be  formed  in  one  piece,  or  may 
consist  of  a  number  of  independent  rollers  separated  by  washers.  The 
distance  apart  of  the  rollers  both  horizontally  and  vertically,  is  aadi  as 
to  prevent  contact  between  the  wires  or  cables,  when  strain^  up. 

The  Inventor  claims  that  bis  system  provides  a  conduit  applicable 
to  all  descriptions  of  wire  or  cable ;  which  is  easy  of  access  fi)r  the 
insertion  or  removal  of  any  wire  or  cable,  and  in  which  the  wires  are 
kept  taut. 

The  Inventor  did  not  submit  any  plan  for  manholes,  or  any  arrange- 
ment for  providing  house-to-house  supply,  nor  does  he  claim  any 
method  of  obviating  the  efforts  of  induction.  He  proposes  to  lay  down 
well  insulated  wires,  as  the  conduit  would  be  necessarily  more  or  less 

After  the  oonduit  has  been  laid  and  filled  with  wire,  any  alteratioa 
to  the  ^stem  would  require  that  the  street  should  be  opened  ftom 
end  to  end. 
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PHILADELPHIA    AND   SEABOARD  TELEGRAPH  AND 
CABLE  COMPANY. 

(OAIiLED   AJLaO  PENNOCK's.) 

("  A.  a."  of  the  Section's  Cleu^ioation.) 

Deaeripti(m  of  PennooA's  Underground  QmduU  for  Tdegraph  and 

Telephone  WireB. 

The  material  used  Id  conBtructing  this  conduit,  coDSiBts  of  hemlock 
wood,  copper  wire,  various  compoundB  and  insolations,  the  nature  of 
which  the  inventor  did  not  disclose. 

The  wood  is  exposed  to  a  solution  for  several  hours,  at  the  tempera- 
ture of  boiling  water.  Thecompoeition  being  easily  distributed  through 
the  mass  of  soft  wood,  incrusts  the  cells  with  a  compound  which 
makes  the  wood  absolutely  moisture  and  decay  proof.  The  carpenters 
now  take  the  wood  (which  has  become  dry  and  hard)  and  make  a 
hollow  box — the  core  of  the  conduit — which  is  filled  in  with  insulated 
telephone  wires,  arranged  according  to  a  plan  not  disclosed.  When 
the  core  is  filled,  insuUting  material  is  again  poured  upon  the  wires, 
filling  in  the  interstices,  making  a  dry  solid  mass.  The  top  is  now 
cemented  on.  The  finlBhed  core  now  receives  a  second  coating  of  the 
waterproof  compound.  (F^.  1  shows  the  completed  core.)  Around 
this  core  are  now  built  the  receptacles  for  the  insulated  telegraph  con- 
ductors (as  shown  in  Fig.  2.)  There  are  two  inches  of  insulating 
impermeable  compound  between  the  telephone  and  tel^;raph  drcuits,  6 
inches  between  all  sides,  ^  inch  all  around. 

The  finished  core  is  now  set  in  the  outer  shell  of  the  conduit,  which 
is  also  made  of  the  prepared  wood,  1  inch  thick.  A  moistening  com- 
pound is  now  run  in  around  the  core  and  the  top  covered  with  a  plank 
of  the  same  prepared  wood,  pressing  into  the  compound,  making  two 
inches  of  solid  impermeable  matter  between  tlie  core  and  the  casing, 
three  inches  between  the  core  and  the  earth,  5  inches  between  the  tele- 
phone  and  the  earth.  The  sections  are  all  prepared  at  the  factory  before 
being  taken  on  the  ground.  They  are  run  into  sleeves  every  20  feet ; 
20  loops  are  run  out  on  each  side  of  the  sleeve  and  covered  with  a 
water-proof  cap,  so  that  the  wires  are  at  all  times  accessible.  The  wires 
are  connected  through  the  sleeve  witJi  a  patent,  hard  paper,  doable  con- 
nector. 

The  electric  light  conduit  is  made  in  a  similar  manner,  but  the  wires 
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are  widely  separated,  and  difierent  materials  ure  used  id  ingnlatiDg  and 
fire  water-proofing. 

The  advantages  claimed  for  this  system  are:  (1.)  It  is  fire-proof; 
(2.)  It  is  water-proof,  it  will  not  decay ;  (3.)  It  is  a  perfect  innulator; 
(4.)  No  leak^e  between  telephotieand  tel^raph  wires;  (5.)  The  arrange- 
ment of  the  conductors  in  the  lanes  to  divert  inducdoa,  ete. ;  (6.)  The 
wires  will  not  corrode ;  (7.)  The  wires  cannot  break,  no  pulling  of 
cables  through  tubes,  no  abrading,  do  strain ;  (8.)  Insulated  wires  can 
be  tapped  and  conveyed  into  each  dwelling  without  disturbing  the 
main  condait ;  (9.)  It  is  cheaper  than  a  pole  line. 

Price  per  mile  for  100  Telephone  wires,  delivered  on  ground |2,fi00 

Price  per  mUe  for  1000  Telephone  wires,  delivered  on  ground $9,760 

Price  per  mile  for  100  Telegraph  vrlree,  delivered  on  ground |2,760 

Price  per  mile  for  1000  Telegraph  wires,  delivered  on  ground ~|I2,760 

Oomm^e  by  the  Examimre. 
The  whole  success  of  this  sytem  would  depend  on  the  nature  of  the 
insulating  material  and  the  chemical  preparation  of  the  wood,  ete. 
Without  trial,  over  an  extended  period  of  time,  it  would  not  be  possible 
to  test  this  conduit  for  endarance  and  the  oth«-  points  claimed  by  the 
inventor. 

THE  UNION  ELECTRIC  UNDERGKOUND  COMPANY  OF 
CHICAGO. 
("  A.  a."  of  the  Section's  ClasMficaiion.) 
This  conduit  consists  of  a  tube  ten  inches  in  diameter,  of  kalamin$ 
(a  mixture  of  lead  and  tin)  whidi  is  said  to  resist  the  chemical  action 
to  which  all  underground  conduits  are  subjected — on  each  side  of  this 
main,  smaller  tubes  of  the  same  metal,  two  inches  in  diameter.  The 
laige  tube  is  designed  to  aooommodate  the  main  wires  and  the  small 
tubes  those  which  run  short  distances,  and  at  regular  intervals  there 
are  joints  by  which  house-to-house  connection  can  be  made.  Instead 
of  the  wires  being  covered  with  an  insulating  coat,  from  which  they 
cannot  be  withdrawn,  they  run  through  a  tiny  pipe,  a  little  smaller 
than  the  familiar  maccaroni  tube,  and  this  pipe  is  manufactured  in- 
dependently of  the  copper  wire.  When  this  pipe  has  been  tested,  the 
copper  wire  is  forced  into  it  by  an  ingenious  machine.  Should  the 
copper  wire  at  any  time  need  repairing  the  same  machine  wiUidraws 
it  from  the  well-fitting  covering  and  then  replaces  iL 
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The  inventor  olaimB  that  this  tiny  tube  is  the  best  insulatoi-  known. 
It  is  made  of  vulcanized  rubber,  three  sixteenths  of  an  inch  being  itft 
thiokne39,  and  one-sixteenth  of  an  inch  being  the  diameter  of  the  open- 
ing. The  rubber  ia  covered  with  a  thick  electric  deposition  of  copper. 
The  deposition  surrounds  the  tube  and  is  said  to  prevent  induction  by 
carrying  the  surplus  electricity  into  the  ground. 

By  the  tube  system  each  wire  can  be  removed  without  the  others, 
with  which  it  ia  bunched,  being  disturbed  in  any  way.  The  electric 
light  wire  which,  on  account  of  the  great  insulation,  can  be  handled 
with  perfect  safety  when  the  strongest  current  of  electricity  is  running 
on  it,  costs  less  than  $500  a  mile,  or  half  the  usual  cost,  and  takes  up 
about  half  the  space  that  an  electric  light  wire  usually  occupies. 

The  inventor  claims  that  by  the  use  of  his  special  insulation  he  can 
run  all  deecripticms  of  wire  in  one  tube. 

The  conduit  can  be  laid  for  $8,000  a  mile.  The  main  tube  will 
hold  1,700  wires,  and  the  side  tubes  50  each. 

The  insulation  was  found  to  be  very  brittle — and  it  would  be  diffi- 
cult to  bend  it  out  of  the  manholes  and  tapping  tubes  without  injury. 
The  wires  must  be  necessarily  very  expensive — not  only  to  manu- 
&cture,  but  to  force  into  their  insulated  tubes  afterwards. 


WOODWARD'S  CURB  CONDUIT.— SYSTEM  B. 
("  A.  b."  of  the  SecHmifs  Ctaanjlcaiion.) 
Oompan^s  Deaoription  Bdiied  by  the  Uudersiffjied  iicaminers. 
,  In  the  accompanying  engraving.  Fig.  1,  is  a  perspective  view  of  the 
combined  curbstone  and  conduit,  showing  the  wires  in  position ;  in  the 
second  figure  the  wires  and  cover  are  removed;  Fig.  3  is  a  vertical 
section  taken  at  a  street  corner ;  and  Figs.  5  and  6  are  plan  views  at 
etoreet  corners,  the  former  being  an  inlet  comer  and  the  latter  the 
usual  rounded  corner ;  Fig.  4  is  a  horizontal  section  illustrating  the 
method  of  seouriug  together  the  conduit  sections  in  order  to  permit  ex- 
pansion aud  contraction.  The  hollow  curb  conduit  sections.  A,  made 
of  oast  iron  or  other  suitable  material,  are  formed  with  vertical  sides 
above  the  street  pavement  to  form  the  curb,  and  those  portions  sunk 
in  the  ground  are  widened  out  at  the  bottom  to  guard  ag^nst  displace- 
ment and  provide  ample  space.  The  cover,  J,  is  about  flush  with  the 
sidewalk.  Between  the  cover  and  the  top  of  the  ledges  is  placed  a 
water-tight  packing.     The  wires  are  supported  by  a  series  of  vertical 
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racks,  E,  fixed  at  suitable  intervals  apart.  The  lower  euda  of  tlie  racks 
enter  sockets  in  the  bottom  of  the  conduit,  while  their  upper  ends  pass 
through  holes  in  cross  stays,  D,  the  extremities  of  which  rest  in  brackets 
on  the  aides.  The  ends  of  the  conduit  sectioo  are  flanged  and  bolted 
ti^ther,  packing  being  inserted  between  them. 

When  it  is  necessary  to  provide  for  longitudinal  expansion  and  con- 
traction of  the  several  sections,  they  are  made  with  overlapping  ends, 
and  are  secured  by  bolts  passing  through  slots  in  one  of  the  flanges. 
Packing  is  placed  between  the  joints.  The  wires  are  inserted  from 
the  open  top  of  the  conduit  and  rest  in  the  teeth  of  the  racks;  afler 
they  are  in  position  the  cover  is  bolted  down.  When  it  is  desired  to 
conduct  one  or  more  wires  into  a  building,  small  lateral  pipes,  L,  are 
connected  to  the  side  of  the  conduit.  With  this  construction  the  wires 
are  always  easily  accessible  and  the  tearing  up  of  the  pavement  in 
order  to  reach  particular  points  is  obviated.  The  two-plan  views  show 
clearly  the  methods  of  rounding  corners.  When  the  conduit  crosses 
the  street  where  the  curb  ends,  those  wires  which  are  above  the  line 
of  the  depressed  part  are  directed  downward  (Fig.  3),  and  kept  in 
place  by  means  of  transverse  studs,  N. 

The  advantages  claimed  for  this  system  are :  That  it  is  easier  and 
cheaper  to  place  the  wires  in  the  curb  than  to  tear  up  the  streets  and 
put  them  in  an  underground  conduit, 

That  owing  to  the  curb  conduit  widening  and  deeping  from  the 
level  of  the  paved  street  it  gives  ample  room  for  holding  any  number 
of  wires. 

That  to  introduce  into  a  house  any  telegraph,  telephone  or  electric 
light  wires,  by  merely  removing  a  few  bricks  from  his  pavement,  the 
connection  is  made  direct  with  the  curb  conduit,  instead  of  excavat- 
ing many  feet  of  earth  in  the  pavement  and  the  street  by  the  under* 
ground  conduit. 

That  it  is  always  accessible. 

If  anything  happens  to  a  wire,  or  a  new  one  is  to  be  introduced, 
one  can  always  get  to  it  in  the  curb  conduit,  and  during  the  snow 
and  ice  of  winter  when  the  authorities  of  cities  will  not  allow  the  streets 
to  be  opened,  the  curb  conduit  is  as  accessible  a.s  in  the  warm  months 
of  summer. 
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C^mmenU  by  the  Examiners, 

In  this  system  do  provisioD  is  mode  for  keeping  the  oonduit  &ee 
from  moisture,  so  that  a  Srst-class  insulation  is  required  for  the  wires 
or  cables  used.  Further,  no  method  is  proposed  for  obviating  the 
etTorts  of  induction  in  telephone  circuits. 

To  obtain  the  advantages  claimed  for  it,  a  conduit  must  be  run  on 
both  aides  of  the  street  in  order  to  give  house-to-house  supply. 


It  would  further  appear  that  a  long  line  of  iron  plate  along  the  side- 
walk would  be  dangerous  to  foot  passengers  in  frosty  weather,  and 
would  interfere  with  present  arrangement  of  gas  lamps  and  the  exist- 
ing sub-pavement  and  street  cellare. 

Xo  estimate  of  cost  was  given.  The  .system  would  necessarily  be  an 
expensive  one. 
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THE  DELANY  CABLE 

FUR  BLBCTRIC   LIGHTS,  TELEQBAPUS,  TELEPHUNBB  AND   *T-T.  ELEC- 

TBICAL  CONDDOrOES. 

J)e«eripHon  of  the  Inventtyr  Edited  by  the  Esxaaainen, 

{"O."  of  the  Sectim^s  Classification.) 

Thb  cable  may  comprise  any  number  of  conductors  desired,  and  of 
any  size  required.  When  a  single  conductor  is  used^  a  bare  or  ootton- 
oovered  wire,  insulated  in  any  of  the  usual  ways,  is  threaded  through 
small  disks  or  buttons  of  vitreous  material,  such  as  porcel^n  or  glass, 
'  so  that  the  conductor  throughout  its  entire  length  is  covered  by  the 
incombustible  buttons  which  are  about  half  an  inch  in  length  and  one- 
eighth  of  an  inch  in  thickness.  The  conductor  thus  surrounded  is 
passed  through  a  compound  of  insulating  material  and  through  a  lead 
press  machine  which  encloses  the  whole  in  a  lead  covering  or  pipe,  so 
that,  when  finished,  the  cable  or  conductor  is  first  enclosed  in  a  braided 
covering  saturated  with  an  insulating  compound,  then  surrounded  by 
the  incombustible  disks  or  buttons,  again  covered  with  an  insulating 
compound  which  is  forced  in  hot  as  the  lead  pipe  is  formed  aiound  it. 
The  latter  filling  occupies  all  .the  interstices  and  space  between  the 
conductor  and  the  vitreous  buttons  and  between  the  buttons  and  the 
pipe,  thus  leaving  no  air  spaces  and  thereby  preventing  condensation 
of  moisture.  The  iucombustible  material  separating  the  conductor 
from  the  pipe,  renders  the  transmission  of  the  most  powerful  currents 
absolutely  safe,  since  under  no  circumstances  can  the  conductor  come 
in  electrical  contact  with  the  pipe.  Should  the  conductor  become 
heated  the  soluble  insulating  compound  would  be  united  more  firmly, 
closing  up  any  cracks  that  might  have  occurred  from  low  temperature 
or  contraction. 

When  a  sei'ies  of  conductors  are  used  they  are  all  threaded  through 
separate  boles  in  the  same  disk  or  button,  and  thus  mechanically 
separated   from   each   other   and   from   the  pipe  in  which  they  are 


This  cable  is  practically  indestructible,  as  its  durability  is  only 
limited  to  that  of  the  enclosing  pipe,  which  may  be  of  lead  or  iron. 
When  lead  is  used  the  cable  may  be  constructed  in  lengths  of  one- 
quarter  or  half  a.  mile  without  splicing,  and  coiled  on  a  reel,  the 
vitreous  disks  admitting  of  flexing  to  any  extent  necessary. 

n,;,i.=.,,».,OOQlc 
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The  condnctors  canDot  become  crossed,  nor  can  they  be  grounded  bo 
long  as  the  enclosing  pipe  remains  intact.  As  the  lead  pipe  is  formed 
around  the  cable  in  a  molten  state,  there  is  no  seam,  weld  or  joint 
throughout  the  entire  length  in  each  section. 

All  danger  from  lire  id  buildings  is  obviat«d.  Rats  cannot  destroy 
the  insulation  and  the  cable  may  be  laid  in  chimneys,  ventilation  or 
heating  flues,  or  placed  in  the  walls  like  gas  or  water  pipes,  with  per- 
fect security  against  interruption  or  damage,  or  the  necessity  for  tearing 
oat  the  walls  for  repairs  of  any  kind. 

Three  tests  of  this  cable  were  made  at  the  International  Electrical 
E^ibition,  for  the  purpose  of  ascertaining  the  effect  of  powerful 
currents  on  the  insulation.  These  tests  were  made  under  the  direction 
of  Capt  de  Wolski,  Chairman  of  the  Committee  on  Underground 
Conductors.  The  first  consisted  of  placing  a  piece  of  cable  about  five 
feet  in  length  so  as  to  8hortr<;ircuit  the  Hochhausen  electro-plating 
dynamo-machine.  Ths  conduetor,  a  single  one,  insulated  as  described 
in  the  bc^ning,  was  No.  4  Birmingham  gauge  copper  wire.  The 
dynamo-machine  had  an  electro-motive  force  of  two  and  one-half 
volts.  A  current  of  600  amperes  was  passed  through  the  cable  for  20 
minutes.  The  conductor  was  made  red  hot,  but  the  insulation  was 
uninjured,  the  melting  of  the  filling-in  compound  being  the  only 
result  of  the  ezpwiment. 

The  second  test  was  similar  to  the  first,  with  this  difference  in  the 
current — 800  amperes  were  sent  through  the  cable  for  20  minutes. 
The  wire  became  so  hot  that  the  vitreous  disks  surrounding  it  melted 
the  lead  covering,  leaving  the  insulation  uninjnred. 

The  third  test  was  with  the  conductor  inclosed  in  an  iron  instead  of 
lead  covering.  When  suEEcient  current  could  not  be  passed  through 
the  conductor  to  cause  any  effect  other  than  the  melting  of  the  filling 
compound  and  charring  of  the  braided  covering  on  the  wire.  The 
conductor  was  perfectly  secure  in  its  insulated  separation  from  the 
pipe  and  consequently  free  from  all  danger. 

This  single  conductor,  insulated  and  inclosed  as  described,  ready  for 
nae  in  the  ground  or  elsewhere,  can  be  furnished  for  22  cente  per  foot. 
Six  separate  conductors  of  No.  16  copper  wire,  for  telegraph  or  tele- 
phone use,  and  covered  in  a  like  manner,  will  cost  the  same  amount. 
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The  foregoing  report  U  respectfully  sabmitted  h 


F.  D.  DE  WOLSKI  (Chairman), 
PEBSIFOR  FRAZEK. 
LUTHER  L.  CHENEY. 

Eravunera  of  Section  XVIII, 
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INTERNATIONAL  ELECTRICAr,  EXHIBITION,  1884. 
Franklin  Institute,  Philadelphia,  Pa, 


REPORT  OF  EXAMINERS. 
Section  XIX. — Telbqrapmic  Systems. 


To  the  Board  of  Managers,  Franklm  Inatitute: 

Gentlemen  : — I  have  the  honor  to  transmit  herewith  the  report  of 
the  Examiners  of  Section  XIX,  on  Tel^raphio  Systems. 

Respectfully, 

M.  B.  Snydbh, 
Chairman  Board  of  Easaminert, 
Philadelphia,  DeaeTriber,  1SS4, 


Chairman  Board  of  Examiners,  IrUemaHonal  Electrvsal  ExhibUum: 

Sib  : — ^The  Examiners  in  Section  XIX  (on  Tel^raphic  Systems), 
respectfully  present  the  following  report. 

Frank  L.  Pope  (CA'n), 

ExoTiUnerg  of  Section  XIX. 
Philadblphia,  December,  18S4. 
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REPORT  ON  TELEGRAPHS. 

(SBCnON  XIX.) 

I.  Telbobaphic  Systems. 

Tbe  different  methods  which  have  been  from  time  to  time  devised 
for  increasing  the  working  capacity  of  a  single  telegraph  wire  by 
enabliDg  it  to  simultaneously  transmit  two  or  more  communications  in 
the  same  or  opposite  directions  are  technically  tcxmed  duplex,  qaad- 
niplex  and  multiplex  systems.  Four  telegraphic  systems  of  tliis  gene- 
ral  character  are  exhibited :  the  synchronous-multiplex  tel^rephs  of 
T.  A.  Edison  and  P.  B.  Delany,  the  well  known  quadruplex  of  Edison, 
and  the  Morse-harmonic  duplex  of  Elisha  Gray.  Each  of  tliese 
systems  except  the  first  is  in  commercial  use  in  the  Unital  States. 
That  of  Mr.  Delany  is  of  quite  recent  iotroduotiou,  and  for  this  reason 
as  well  as  for  its  remarkable  ingenui^,  both  in  conception  and  exe- 
cution, deserN'es  special  attention. 

The  possibility  of  employing  a  single  conductor  for  the  simulta- 
neous transmission  of  two  or  more  sets  of  telegraphic  signals  appears 
to  have  originated  with  Moses  G.  Farmer,  of  Boston,  Massachusetts, 
about  the  year  1862.*  Mr.  Farmer  attached  to  each  end  of  the  line 
a  rapidly  revolving  commutator  or  distributor.  The  two  distributors 
when  caused  to  revolve  synchronously  and  in  unison,  served  to  bring 
the  line  successively  and  simultaneously  into  connection  with  a  corre- 
sponding series  of  short  branches  at  each  terminus,  in  each  of  which 
branches  ordinary  telegraphic  apparatus  was  inserted  and  operated  in 
the  usual  manner.  Thus  the  current  through  each  pair  of  correspond- 
ing branches  at  either  station,  while  apparently  continuous,  actually 
consisted  of  intermittent  but  rapidly  recurring  synchronous  pulsations. 
Mr.  Farmer  successfully  experimented  upon  a  small  scale,  upon  the 
wires  of  the  municipal  tel^raphic  lines  of  Boston,  in  1862.  Nothing 
of  permanent  value,  however,  resulted  from  the  experiments  at  that 
date,  the  difficulty  of  maintaining  the  absolute  synchronism  required 
for  operating  for  any  considerable  length  of  time  h&ag  apparently 
insuperable.  Many  subsequent  inventors  have  sought  to  render  this 
method  practically  useful ;  among  others  Mr.  Edison,  whose  apparatus 
is  exhibited  and  will  be  hereinafter  referred  to.   The  apparatus  of  Mr. 

*  United  States  Patent,  No.  9,6S4,  Uarcb  29, 1868. 
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Delaii7,  now  for  the  first  time  poblicly  shown  in  operation,  appears  to 
realise  to  the  ntmost  the  possibilities  inhereot  in  this  method.  The 
methods  of  maltiple  transmission  which  thns  far  have  found  the 
widest  practical  application,  of  which  Edison's  qnadruplex  system  ia  a 
well  known  example,  are  based  apon  a  wholly  different  principle,  that 
of  diSeroitial  or  balanced  cnrrents  or  magnetic  forces,  which  may  pro- 
perly be  considered  an  ontgrowth  of  the  invention  of  Dr.  Wilhelm 
Ointl,  of  Austria,  in  ISSS."^  Still  another  syaUxa  a  based  npon  the 
discovery  of  Eli^  Gtay  f  that  two  or  more  seta  of  harmonic  vibra- 
tions may  be  set  up  at  the  same  Hme  in  a  continuous  electric  current, 
and  separated  from  each  other  at  the  receiving  station.  Upon  this  dio- 
oovery  Mr.  Gray  has  based  a  system  of  harmonic  multiple  tel^raphy. 
The  present  exhibition  therefore  affords  practical  examples  of  each 
one  of  the  three  fundamental  principles  upon  one  of  which  every 
multiple  telegraph  baa  hitherto  been  founded,  viz:  the  sr/ndironoiu, 
the  t^fferentiai  and  the  harmonio, 

THE  DELAWy  SYNdHBONOUa-MUI-TIPLE  SY8TBM. 

This  system  is  founded  apon  an  invention  of  Paul  Lacour,  of  Den- 
mark, made  prior  to  1878,  and  termed  the  "  phonic  wheel."|  The 
phonic  wheel  is  employed  for  regulating  and  roidering  approximately 
synchronous  the  revolutions  of  the  distributors  at  opposite  ends  of  the 
line.  The  two  principal  difficulties  which  Mr.  Delany  has  been 
obliged  to  overcome  in  reducing  this  system  to  practice  are,  first,  the 
nuuntenanoe  of  the  necessary  synchronism :  and  second,  the  utilization 
in  the  formation  of  signab,  of  exceedingly  short  pulsations  of  elec- 
tricity. 

Speaking  in  general  terms,  it  may  be  stated  that  Mr.  Delany  has,  in 
oar  opinion  absolutely  overcome  the  first  of  these  difficulties,  by  the 
happy  conception  of  providing  for  an  automatic  mutual  interchange 
of  correcting  pulsations  at  frequent  intervals  between  the  separate 
instruments,  in  case  there  exista  any  tendency  towards  deviation  from 
the  normal  speed,  the  latter  being  approximately  controlled  by  the 
vibrations  of  a  tuning  fork,  acting  electro-magnetically  upon  the 
phonic  wheel.   It  has  been  conclusively  demonstrated  that  synchronism 

*  Prescott.    Eleotricitr  and  Electrical  Telegiaphy,  p.  769. 
t  Journal  of  American  Electrical  Society,  187fi.    Prescott's  Eleotrid^, 
p.  S7Q. 
t  United  8tat«8  Patent,  No.  208,428,  May  7, 187S. 
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may  be  maiDtained  continuously  for  days,  between  two  instruments  at 
,  opposite  terminals  of  a  tel^p^h  line,  without  s  variation  exoeeding 
the  six  hundredth  part  of  a  second. 

The  elective  rate  of  speed  with  which  the  apparatus  can  be  operated, 
or  more  properly,  the  actual  transmitting  capacity  of  a  given  conductor 
equipped  with  this  apparatus,  depends,^8ll,  upon  the  rapidity  with 
which  eucoessive  impulses  can  be  made  to  traverse  a  line,  while  pre- 
serving to  each  impulse  a  d^ree  of  strength  suffident  to  produce  the 
movement  of  the  armature  of  a  relay  at  the  receiving  station,  and 
teeond,  upon  the  mechanism  by  which  these  pulsations  may  be  made 
available  in  the  production  of  arbitrary  signals  represeotiog  letters  and 
words. 

The  rapidity  with  which  the  successive  electrical  pulsations  can  be 
produced  at  the  distant  end  of  a  given  telegraphic  line,  is  inversely  in 
proportion  to  the  resistanoe  and  electro-static  capaci^  per  unit  of 
length  of  the  insulated  conductor  and  iaversely  as  the  square  of  its 
length.*  Other  things  being  equal,  the  rapidity  is  greatly  augmented 
by  forming  a  ooonedion  directly  between  the  line  and  the  earth  at  each 
end  of  the  line  between  each  two  pulsations.  This  operation  is  pro- 
vided for  in  Mr.  Delany's  apparatus.  -  The  employment  of  pole-chang- 
ing or  double-current  keys  and  polarized  receiving  instruments  (a 
BUggestiou  understood  to  be  due  to  Mr.  E.  A.  Calahan,  who  has  been 
asso<nated  with  Mr.  Delany  in  the  development  of  the  invention), 
enables  short  and  rapid  pnlsations  to  be  utilized  to  the  fullest  extent 
in  the  formation  of  the  signals  of  the  conventional  tel^;raphic  code. 
For  a  detailed  description  of  the  apparatus  we  would  refer  to  a  recently 
.published  paper  by  Professor  E.  J.  Houston. t 

The  actual  performance  of  the  apparatus,  during  the  testa  made  by 
the  committee,  over  200  miles  of  line  (from  Philadelphia  to  Jersey  City 
and  return)  was  eminently  satisfactory.  The  rate  of  rotation  of  the 
distributors  was  stated  by  the  exhibitor  to  be  170  revolutions  per  minute, 
the  same  as  that  of  the  instruments  in  daily  commercial  use  between 
Boston  and  Providence,  a  distance  of  about  fifty  miles.  At  this  rate 
of  speed  the  duration  of  each  contact  was  0*0021  seconds.  With  tbe 
apparatus  arranged  for  six  distinct  communications,  either  all  in  the 
same  direction,  or  partly  in  one  direction  and  partly  in  the  other,  we 


*  Sir  William  Thomson.    Proceedings  of  Royal  Bnolety,  Hay  24, 1S65. 
t"  Journal  of  the  Franklin  Institute,"  January,  1S84. 
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asoertained  b^  actaal  trial  that  commmiiGatioDB  could  be  received  with 
disdnctDCSs  upoD  the  ordinaiy  Morse  sounder  at  a  rate  of  from  thirty 
to  forty  words  per  minute.  With  the  apparatus  arranged  for  twelve 
commoaicatioDS  a  rate  of  twenty  words  per  minute  was  attained  with 
equal  facility.  The  application  of  the  system,  however,  is  not  limited 
to  the  simultaneous  transmission  of  twelve  messages,  for  by  the  use  of 
a  type-printer  especially  designed  for  the  purpose  (specimens  of  which 
are  exhibited  with  the  other  apparatus)  as  many  as  seventy-two  inde- 
pendent circuits  may  be  actuated.  This  is  necessarily  effected  at  a  less 
rate  of  speed,  although  it  is  quite  sufficient  to  enable  each  of  the  separate 
users  of  the  line  to  transmit  during  six  hours  at  least  100  dispatches  of 
the  average  length,  a  speed  which  may  be  increased  proportionately 
when  desired,  by  placing  at  the  disposal  of  the  user  one  tbirty-sizth  or 
one  eighteenth  instead  of  one  seventy-second  of  the  entire  capacity  of 
the  line. 

Edison's  sykchbonods-multiple  tblbqraph. 
This  system  is  exhibited  in  Mr,  Edison's  collection  of  apparatus 
illustrating  his  inventions,  and  was  devised  by  him  in  ISTC.*  It  con- 
sists of  two  heavy  tuning  forks,  one  of  wbich  is  placed  at  each  end  of 
the  line,  and  kept  in  vibration  by  an  electro-magnet  and  automatio 
circuit  breaker  or  rheotome.  By  meams  of  adjustable  sliding  weights 
upon  the  forks ;  their  vibrations  may  be  made  synchronous.  Suitable 
contact  springs  are  provided,  which  are  moved  by  the  vibrations  of 
the  forks,  and  by  means  of  these  the  main  wire  connecting  the  two 
stations  is  dmultaneously  transferred  from  one  to  another  oTa  succes- 
sion of  short  branches  at  each  terminal  station,  each  branch  containing 
an  ordinar}'  telegraphic  apparatus.  This  apparatus  is  of  historical 
interest,  as  marking  an  important  step  in  the  jirogress  of  invention 
intermediate  between  the  original  plan  of  Mr.  Farmer  to  which  we 
have  already  referred  and  the  perfected  apparatus  of  Mr.  Delany,  Mr, 
Edison  we  believe  being  the  first  to  make  use  of  tuning  forks  for  con- 
trolling the  synchronous  transfer  of  the  main  line  from  one  branch  to 
another  at  the  terminals.  The  apparatus  of  Mr.  Edison  has  met  with 
no  practical  application,  a  circumstance  which  is  doubtless  due  among 
other  things,  to  the  lack  of  any  automatic  means  of  correcting  the 
synchrcmism  of  the  forks. 


t  U.  8.  Patent,  No.  SOO.SQS,  March  G,  1878, 
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edkon'b  quadruplex  telegraph. 
The  original  form  of  this  well-kDOwn  apparatus  ia  shown  in  Mr. 
Edison's  collection.  With  some  modifications  it  is  now  in  extensive 
use  by  the  Western  Union  Tel^raph  Company  throughout  the  United 
States.  To  convey  some  idea  of  the  usefulness  and  commercial  value 
of  this  apparatus  it  ia  suffioieut  to  say  that  it  has  increased  the  tele- 
graphic facilities  of  the  Western  Union  Company  to  an  extent  equivalent 
to  the  addition  of  50,000  miles  of  wire.  It  ia  also  employed  to  a  con- 
siderable extent  in  Europe.  The  principle  of  difierential  or  balanced 
circuits  upon  which  it  is  constructed  and  operated  is  so  well-known  as 
to  require  no  detailed  description  in  this  report. 

gray's  harmonic  DUPLEX. 
This  ingenious  and  effective  system  enables  the  capacity  of  an  ordi- 
nary telegraph  line  to  be  doubled  or  trebled  by  an  addition  of  a  small 
amount  of  supplementary  apparatus.  The  principle  upon  which  it 
acts  is  as  follows :  If  we  take  the  case  of  an  ordinary  telegraph  line, 
operated  according  to  what  is  generally  known  as  American  Morse 
8yat«m,  in  which  the  line  is  traversed  by  a  normally  closed  circuit 
passing  through  a  number  of  stations,  both  way  and  terminal,  each  of 
which  is  provided  with  a  circuit-breaking  key  for  transmitting  signals 
and  an  electro-magnet  for  receiving  tbem.  The  alternate  opening  and 
closing  of  any  one  of  the  keys  in  the  circuit  produces  corresponding 
signals  upon  all  the  electro-nu^nets.  According  to  Mr.  Gray's  inven- 
tion one  or  more  additional  sets  of  signals  are  superposed  upon  the 
continuous  current,  by  means  of  vibrating  harmonic  transmitters,  these 
produce  rapidly  recurring  series  of  rhythmical  vibrations,  by  slightly 
increasing  and  decreasing  the  strength  of  the  current  in  rapid  alterna- 
tion. These  vibrations  are  responded  to  by  one  or  more  electro- 
magnets, each  having  a  tuned  reed  armature.  Thus  it  will  be  seen 
that  a  second  and  a  third  series  of  signals  n^y  each  be  transmitted  by 
a  key  controlling  a  particular  set  of  vibrations,  and  received  upon  cor- 
respondingly tuned  armatures,  without  in  the  least  affecting  the  ordinary 
Morse  instruments.  Inasmuch,  however,  as  the  line  is  entirely  severed 
and  interrupted  by  the  operation  of  the  keys  as  ordinarily  used,  it  ia 
necessary  to  bridge  over  the  gap  formed  by  the  open  key,  in  such  a 
manner  that  the  harmonic  vibrations  will  not  be  interrupted.  This  is 
done  by  connecting  the  terminals  of  the  key  through  an  artificial 
resistanoe,  which  is  sufficiently  great  not  to  permit  enough  current  to 


pass  to  operate  the  ordinaty  tel^raph  instruments,  although  the 
harmonic  vibrations  continue  to  pass  through  it  freeh^  especially,  when 
an  electro-Btatic  condenser  is  provided  in  addition  to  the  resistance. 
This  system  is  well  adapted  for  the  railway  service,  inasmuch  as  the 
harmonic  communication  may  at  a  small  expense  be  applied  to  the 
ordinary  Morse  circuit  employed  by  all  railroads  for  regulating  the 
movements  of  trains,  It  may  be  used  as  a  through  communication  for 
the  general  business  of  the  officers  of  the  railroad,  or  if  desired,  for 
ordinary  commercial  tel^raph  busineas,  without  incurring  the  expense 
of  an  additional  wire,  or  the  inconveniences  necessarily  entailed  by  any 
alteration  in  the  established  method  of  (q>eration. 

Edison's  adtouatic-chehical  rouan  letteb  teije»raph. 

This  system,  which  is  also  exhibited  by  Mr.  Edison,  is  an  improve- 
ment upon  the  well-known  typo-telegraph  of  Bonnelli.  Like  the 
Bonnelli  system,  five  independent  line  wires  are  employed,  and  the 
record  is  made  in  plain  Roman  letters  upon  chemically  prepared  paper. 
The  receiving  instrument  is  in  fact  essentially  the  same  as  that  of 
Bonnelli,  except  that  the  paper  is  carried  forward  by  a  small  electro- 
motor instead  of  by  clock-work.  The  method  of  transmission,  however, 
IB  a  novel  one,  and  possesses  some  points  worUiy  of  notice.  The  com- 
munications to  be  transmitted  are  first  prepared  by  means  of  a  punching 
machine  operated  by  a  piano  key-board.  Each  key,  when  depressed, 
selects  from  a  group  of  twenty-five  cylindrical  punches  arranged  in  a 
solid  square,  the  necessary  punches  to  form  the  corresponding  outline 
of  a  Koman  letter,  and  this  group  of  selected  punches  is,  by  appropriate 
mechanism,  driven  through  a  strip  of  paper,  thus  forming  the  required 
letter  fh)m  lines  of  circular  perforations  suitably  arranged,  like  the 
perforations  of  a  stencil  pattern.  The  strip  containing  the  message 
formed  of  these  perforated  cbaractent  is  then  caused  to  pass  underneath 
a  series  of  five  styluses,  placed  side  by  side  in  a  transverse  row,  to  each 
of  which  styluses  one  of  the  five  line  wires  are  attached.  As  each  per- 
foration passes  beneath  the  point  of  its  corresponding  stylus,  the  latter 
drops  through  it,  and  closes  the  circuit  upon  a  metallic  roller  under- 
neath, thus  producing  a  mark  upon  the  chemical  paper  at  the  receiving 
instrument  in  the  same  relative  position  upon  the  tape  that  the  cor- 
respcmding  perforation  is  in  the  pattern  strip. 

This  apparatus  was  shown  in  actual  operation  upon  a  short  line  and 
its  performance  appeared  to  be  excellent.    The  extraordinary  rapidity 
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with  which  mesaages  can  be  traoamitted  and  recorded  upoD  the  tape, 
far  exceeding  that  attainable  by  aoy  possible  system  of  mechanical 
printiDg,  would  seem  to  indicate  that  tliis  apparatus  may  yet  prove  to 
be  of  great  value  for  market  quotation  and  oommerdal  news  telegraph 
lines.  These  lines  being  generally  of  no  great  length,  the  increased 
number  of  wires  required  would  notconstitute  a  very  serious  objection. 

EniSOH    ATJTOMATIC-CIIBMICAI-    TELEGRAPH. 

This  apparatus  is  an  improvement  upon  the  well-known  chemical 
tel^raph  of  Alexander  Bain,  Aside  from  numerous  improvements 
in  mechanical  construction  of  the  apparatus,  the  leading  feature  of 
novelty  is  in  the  organization  of  the  perforating  apparatus,  which  is 
provided  with  two  sets  of  punches  whereby  the  conventional  alphabet 
may  be  formed  by  means  of  a  double  set  of  circular  periurations 
arranged  in  two  rows.  Means  are  provided  whereby  upon  a  depression 
of  a  lettered  key  upon  a  piano  key-board,  tiie  appropriate  punches  which 
form  the  corresponding  character  of  the  tel^raph  alphabet  are  selected 
and  forced  through  the  paper,  thus  forming  a  complete  character  by  a 
single  depression  of  tbe  proper  key.  The  perforation  can  be  effected 
with  great  rapidity,  a  speed  of  fifty  or  sixty  words  per  minute  having 
frequently  been  attained  by  expert  operators.  The  strip  thus  prepared 
is  passed  through  a  circuit-closing  transmitter  and  the  record  is  made 
in  the  usual  manner  upon  chemical  paper.  A  speed  of  transmission  of 
1,000  words  per  minute  has  been  attained  by  this  apparatus  upon  a 
wire  between  New  York  and  Philadelphia,  100  miles  in  length.  This 
system  was  at  one  time  in  commercial  use  to  a  considerable  extent  in 
this  country,  but  has  been  abandoned,  for  reasons  probably  due  more 
to  peculiarities  in  the  commercial  requirements  of  American  tele- 
graphy than  to  any  inherent  difficulties  in  the  operation  of  the  mech- 
anism itself.  The  automatic  method  of  transmission,  although  full  of 
promise,  has  in  almost  every  instance  failed  to  realize  the  expectations 
of  its  advocates,  as  a  substitute  for  the  ordinary  process  of  manual 
transmission.  This  difficulty,  whatever  it  may  be,  ia  inherent  in  the 
principle  itself  and  is  not  properly  chai^eable  to  defects  in  the  opera- 
tion of  the  apparatjis, 

Edison's  autogkaphic  telfmbaph. 

This  apparatus  is  included  as  a  portion  of  Mr.  E^dison's  exhibit.     It 

was  not  set  up  in  such  manner  that  its  construction  or  mode  of  opera- 
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tion  coald  be  examined,  and  we  are  therefore  unable  to  report  apon  it. 
It  may  perhaps  be  proper  to  say,  that  the  autographic  systeia  for  the 
transmission  of  communications  in  fac-aimile,  would  seem  to  afford  one 
of  the  tnoat  promising  fields  for  the  labors  of  future  improvers  of  l^e 
ter^raph.  It  isapparently  in  this  direction,  if  any,  that  we  must  look 
for  the  future  solution  of  the  problem  of  cheap  telegraphy.  It  will  be 
readily  understood  that  if  an  efficient  syatem  were  invented  by  which  the 
original  message,  ae  written  by  the  sender,  could  l>e  placed  in  a  machine 
and  a  fac-simile  of  it  instantly  produced  by  the  action  of  electricity  at 
a  distant  station,  and  this  by  automatic  machinery  without  the  inter- 
vention of  human  hands,  the  actual  cost- of  performing  the  service 
would  be  but  the  merest  trifle.  Yet  there  is  apparently  no  obetacle  in 
the  way  of  obtaining  this  result  which  we  may  not  hope  to  see  overcome, 
sooner  or  later,  by  the  genius  and  perseverence  of  our  inventors. 

II. — TELEGRAPHrC   APPAHATUS. 
THE  WESTERS  ELECTBIC  COMPANY. 
This  company  fzhibits  a  complete  assortment  of  telegraphic  instru- 
ments and  apparatus  of  all  kinds,  manufactured  in  their  workshops  at 
Chicago,  New  York  and  Boston.     Among  the  apparatus  worthy  of 
special  commendation  we  mention  the  following: 


This  register  embodies  several  novel  features  which  greatly  add  to 
its  atili^  and  convenience  of  manipulation.  The  mechauiBni  is 
mounted  upon  a  circular  base  in  such  form  that  the  clock-work  and 
paper  reel  may  be  covered  by  a  movable  glass  shade,  and  thus  com- 
pletely protected  from  dust,  while  at  the  same  time  it  presents  a  very 
ornamental  and  attractive  apjtearance.  The  paper  tape  containing  the 
record  is  made  to  pass  out  through  an  opening  in  the  base  beneath  the 
glass  cover.  This  instrument-ia  constructed  either  for  embossing  the 
paper,  or  for  marking  with  ink,  as  may  be  desired.  A  self-starting 
apparatus,  of  novel  and  effective  design,  is  supplied,  by  which  the 
clock-work  is  automatically  started  and  stopped  at  the  commencement 
and  termination  of  a  mess^e  without  the  assistance  of  the  operator. 
This  feature  especially  adapts  this  roister  for  the  fire-alarm,  police  or 
messenger  service,  as  well  as  for  private  telegraph  lines  worked  upon 
the  Moife  system.     This  instrument  is  worthy  of  the  highest  praise. 
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not  only  for  the  elegance  of  its  design  and  finish,  but  for  its  effective- 
ness, durability  and  perfect  adaptation  to  the  purposes  for  which  it  is 
intended. 

It  is  interesting  to  compare  this  latest  model  of  the  tel^rsp^'^!  '^ 
ister  with  one  of  the  first  pair  of  original  instruments  which  is  exhib- 
ited in  the  historical  department.  This  pair  of  instruments  was  con- 
structed, in  1843,  under  the  personal  supervision  of  Alfred  Vail,  who 
was  intimately  associated  with  Professor  Morae,  both  in  the  invention 
and  in  the  introduction  of  the  American  telegraph,  a  considerable  part 
of  the  mechanical  work  having  been  done  by  his  own  hands.  Vail 
invented  the  combination  of  mechanism  for  roistering,  consisting  of 
the  eleotn>magnet,  marking  point  and  grooved  roller,  an  apparatus  so 
simple  and  effective  that  it  has  never  yet  been  superseded.  There 
appears  also  to  be  little  doubt  that  to  Vail  is  also  justly  due  the  credit 
of  devising  the  conventional  alphabet  of  dots  and  lines,  which  has 
become  the  universal  telegraph  language  of  the  world. 


The  close  resemblance  between  the  original  and  the  modem  instru- 
ments, except  in  certain  matters  of  comparatively  unimportant  detail, 
becomes  strikingly  apparent  upon  a  critical  examination.  The  electro- 
mi^net,  lever,  retracting  spring,  steel  marking  point,  grooved  rollw 
and  clock-work  for  moving  the  paper,  are  almost  identical.  The 
driving  weight  of  the  original  system  has  been  replaced  by  a  coiled 
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Bpriog ;  the  self-starting  device  by  another  of  more  effective  constmo* 
tion,  and  the  relative  position  of  tlie  parts  lias  been  somewhat  changed, 
bat  the  instj-ument  nevertheless  remuns,  to  all  intents  and  purposes, 
Uie  same  aa  when  it  first  came  &om  the  hands  of  Vtul,  more  than  40 
Tears  ago. 

POCKET  RELAY. 

This  is  a  portable  instrument,  much  used  hy  line  repairers  and  tele- 
graphic operators  in  the  military  service  (Fig.  1).  It  is  enclosed  in 
an  oval  hard-rubber  case,  about  four  inches  hy  two,  and  weighs  but  a 
few  ounces.  NotwiUistanding  the  small  size  of  this  csae,  it  contains  a 
complete  tel^raphic  apparatus,  consisting  of  a  key  and  sounder, 
for  sending  and  receiving  messages.  The  electro-magnet  is  large 
enough  to  be  thoroughly  efficient;  the  h^  is  of  sufficient  size  to 
be  convenient  of  manipulation,  and  the  sound  of  the  Kceiving  instru- 
ment is  remarkably  loud  and  clear.  It  is  a  matter  of  some  interest  to 
contrast  this  exceedingly  minute  and  well-finished  apparatus  with  that 
used  on  Morse's  first  line,  in  1844,  and  at  that  time  supposed  to  be 
indispensable,  consisting  of  a  receiving  instrument,  of  which  the  elec- 
tro-magnet alone  weighed  180  pounds ! 


THE  LEWIS  LEGLE68  6TEEL  LEVEB  KEY. 

This  is  a  well-designed  and  well-finished  transmitting  key  (Fig.  2). 


It  has  a  steel  lever,  combining  lightness  witb  etreogth,  farther  with 
a  certain  desirable  degree  of  elasticity,  and  having  its  terminal  binding 
posts  upon  the  top  of  the  base,  so  that  it  may  be  set  up  without  the 
necessity  of  Ixiring  holes  through  the  table,  a  provision  which  is  often 
found  to  be  very  convenient  in  practice. 
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STASDARD  HOUSE  SOUNDER. 
This  sounder  is  providt-d  with  an  extra  thumb-uut  oa  the  adjusting 
bar,  to  maintain  the  spriug  at  a  constant  tension.  This  is  a  minor 
feature,  of  much  utility,  which  has  been  generally  n^lected  by  all 
manufacturers  of  such  apparatus,  and  we  therefore  think  it  deserving 
of  special  mention. 

gray's  patent  CDT-OUT,  lightning   ABHE8TEB  AND  OBOUND 
SWITCH. 

This  is  a  most  convenient  and  e£^tive  device  for  connecting  the 
instruments  in  a  telegraph  office  with  the  main  line  and  disconnecting 
them  at  pleasure  (Fig.  3).     The  apparatus  is  bo  arranged  that  this  can 


be  4one  in  an  instant,  and  without  causing  any  interruption  of  the 
line.  It  is  obviously  tar  lesH  liable  to  get  out  of  order  than  the  wedge- 
switch  and  divided  plug  usually  employed  for  the  same  purpose,  and 
is  certainly  no  less  convenient  in  its  manipulation. 

PRIVATE    LINE   INSTRDMENT. 

This  apparatus  comprises  a  full-sized  and  well-finished  Morse  key 
and  sounder  (Fig.  4),  mounted  upon  a  metallic  base  and  provided  with 
binding-screws,  ready  for  immediate  connection  with  the  line.  It  is 
adapted  to  work  a  line  of  any  length  up  to  20  or  30  miles.  This 
instrument  is  no  less  remarkable  for  its  efficiency  than  for  its  low  cost. 
It  contains  all  the  essential  apparatus  for  a  telegraph  office  except  the 
battery,  and  is  sold  for  $4, 

The  Western  Electric  Company  also  exhibit  a  complete  assortment 
of  modern  telegraphic  apparatus  and  fixtures,  which  although  poaaeee- 
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ing  no  novelty  of  design  deserve  particular  mention  for  their  excellence 
of  finish  and  careful  adaptation  for  use.  Ail  the  iuatrumenta  shown 
bj  this  Company  are  handsomely  nickel-phited  and  present  a  very 
attractive  appearance. 


THE  STEVENS   TOP  CONTACT   KEY. 

This  is  an  improved  construction  of  the  transmitting  key  of  the  Morse 
telegraph,  invented  by  E.  G.  Stevens,  of  Cleveland,  Ohio,  and  exhibited 
by  the  Standard  Electrical  Works  of  Cincinnati,  Ohio.  The  contact 
point  is  at  the  extreme  rear  end  of  the  lever,  and  when  raised  by  the 
depression  of  the  knob  of  the  key  to  form  a  signal,  impinges  upon  a 
flexible  arched  arm.  The  object  of  this  arrangement  is  to  avoid  the 
concussion  produced  by  the  operation  of  the  ordinary  key  in  striking 
downwards  upon  a  solid  anvil  which  is  rigidly  secured  to  the  table. 
Such  an  iraprovement  has  been  regarded  by  many  practical  operators 
as  a  desideratum  ;  as  with  many  persons  the  concussion  of  the  lever 
is  exceedingly  fatiguing  to  the  hand,  when  working  for  many  hours 
continuously.  This  is  thought  by  many  to  be  one  of  the  principle 
causes  of  the  disease  known  as  "  operators  paralysis."  This  modifica- 
tion has  been  introduced  without  giving  rise  to  any  additional  compli- 
cation or  other  objection,  and  we  commend  it  as  an  improvement  of 
value,  for  the  nanouB  mentioned. 
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PAKl'ICK  AND  CARTER. 

This  firm  exhibit  a  complete  assortment  of  telegraphic  apparatus 
adapted  for  all  ordinary  uses,  all  of  which  are  well  constructed  and 
liandsomely  designed.  Among  the  instruments  presenting  special 
points  of  excelleuoe  we  would  mention  the  following: 

RUBBER   CASE   POCKET   RET^AY. 

This  is  a  small  and  compact  portable  instrument  for  line  repairers 
and  military  operators, 


and  is  enclosed  in  an  oblong  hard  rubber  case  with  circular  ends.  It 
is  about  four  inches  in  length  including  the  case,  and  weighs  but  a 
few  ounces.  The  transmitting  key  is  of  unusually  large  size  in  pro- 
portion to  the  remainder  of  the  apparatus,  and  this,  as  well  as  the 
sounding  mechanism,  is  very  ingeniously  arranged  in  a  compact  form 
so  that  although  very  little  space  is  occupied,  the  operation  of  the 
mechanism  is  remarkably  effective. 

8TAHDABD  AMEBICAH  HEGI8TEB. 

This  is  an  accurately  constructed  and  well  finished  form  of  emboss- 
ing register. 

A  special  feature  is  the  arched  bridge  upon  which  the  limiting  stops 
of  the  pen-lever  are  mounted,  which  enables  the  instrument  to  be  used 
as  a  sounder  with  equal  facility,  whether  or  not  the  operation  of  record- 
ing is  going  on  at  the  same  time. 

HEW  WRECKING  INSTRirMENT. 
This  is  a  compact  portable  instrument  (Fig.  7)  in  which  all  the  work- 
ing parts  are  of  full  size,  but  are  so  disposed  as  to  occupy  a  minimum 
amount  of  space.  It  is  much  used  in  the  railroad  service  for  establish- 
ing temporary  offices  at  points  along  the  line,  as  in  case  of  an  accident 
obstructing  traffic  upon  the  road.     It  is  desirable  that  an  instrument 
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of  this  clasa  should  operate  with  all  the  convenience,  facility  and  ac- 
curacy of  a  standard  instrument,  and  yet  be  capable  of  being  trans- 
ported from  place  to  place  without  inconvenience.  This  instrument 
is  unusually  well  designed  and  merits  special  commendation. 


TEE  ACME  STEEL  LBTER  KEY. 

The  lever  of  this  key  (Fig.  8)  is  stamped  from  sheet  steel  instead  of 
bemg  of  cast  brass  as  in  the  old  form  of  key.  This  gives  the  lev» 
great  strength,  bother  with  a  cert^  slight  d^;Tee  of  elasticdfy  which 
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18  regarded  as  important ;  while  the  weight  to  be  moved  is  very  small, 
a  matter  of  great  importance,  as  the  operator  in  transmitting  at  the 
maximum  speed  of  forty  words  per  mioute  is  required  to  make  no  less 
than  fourteen  or  fifteen  distinct  movements  of  the  hand  per  second 
and  to  maintain  this  continuously  for  hours.  The  design  of  this  feey 
is  tasteful  and  the  finish  excellent.  The  binding  posts  for  connectiug 
the  wires  are  placed  upon  the  upper  side  of  the  base. 


THE   LATTIQ    KEY. 

This  key  (Fig.  9)  is  the  invention  of  a  practical  operator,  and  is  pro- 
vided with  a  supplementary  or  auxiliary  circuit-breaking  lever  by 
which  the  separation  between  the  contact  points  at  the  opening  of  the 
key  is  very  lar^ly  increased,  although  the  play  of  the  key-lever  itself 
is  no  greater  than  in  the  ordinary  form.  We  regard  this  key  as  well 
adapted  for  use  on  lines  on  which  a  strong  current  b  employed,  and 
which  have  a  great  number  of  way -stations,  conditions  which  exist 
upon  many  of  the  railway  service  lines. 
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THE  CUMHINQ  PERIPHERY  CONTACT. 
ThiB  invention,  exhibited  by  Cumining  &  BrinkerhofiT,  219  E. 
Eighteenth  street,  New  York,  is  an  improved  construction  of  contacts 
or  electrodes  for  telegraphic  circuit-breakers  such  as  keys  or  relays.  A 
key  is  exhibited  (Fig.  10)  which  illustrates  the  application  of  the  inven- 
tion, which  consists  of  two  revolving  discs  or  wheels  which  form  the 
contacts,  each  of  which  is  beveled  down  to  a  narrow  edge  on   its 


periphery.  The  two  disc  electrodes  are  placed  at  right  angles  to  each 
other,  BO  that  the  actual  contact  is  formed  between  two  very  minute 
Hurfaces.  This  form  of  contact  appears  to  possess  certain  advantages, 
among  which  may  be  mentioned  the  adjustability  of  the  discs,  which 


enables  the  point  of  contact  to  be  changed  at  pleasure.     Dust  is  also 
prevented  from  accumulating  upon  the  contacts.    There  is  a  certain 


elasticity  in  the  system  whicli  avoids  the  concussion  of  the  ordinary 
key  upon  a  solid  anvil  which  is  found  by  experience  to  be  so  injurious 
to  the  muscles  of  the  hand  of  the  operator.  A  practical  trial  of  the 
k^  by  members  of  the  committee  who  have  been  practical  telegraphic 
operators,  shows  that  it  is  an  extremely  pleasant  one  to  manipulate. 
The  same  device  has  also  been  applied  to  the  pole-changer  for  the 
transmitting  apparatus  in  the  quadruples  tel^raph,  on  which  curreotfl 
of  unusual  strength  from  a  dynamo-electric  machine  are  employed. 

The  exhibitors  of  this  invention  give  the  following  explanation  of 
the  theory  of  its  operation  : 

In  the  ordinary  contact,  which  b  made  by  the  flat  ends  of  two 
platinum  wires  J  and  f  (Fig  II),  the  electric  current  tends  to  jump 
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the  intervening  space  (thereby  forming  an  electric  arc),  for  the  two 
contact  surfaces  not  being  mathematically  parallel  can  meet  only  at  one 
point.  Let  this  be  at  or  near  the  centre  C,  the  airrents  on  the  surface 
JTom  A  or  S  curve  around  to  this  point,  approaching  and  attracting 
each  other  at  all  points,  but  joining  only  at  one.  If  the  contact  is  on 
one  edge  ( the  currents  of  D  and  E,  in  passing  from  Oor  Htot,  must 
mutually  attract  one  another;  and  the  nearer  O  and  ^ are  to  each 
other  without  touching  the  more  liable  the  hey  is  to  "  stick."  In  the 
case  of  two  sharp  oones  or  needles  approximating  as  in  Fig.  12,  the 
currents  pass  almost  straight  to  the  apices  F'and  Xfrom  0,  P,  R, 
and  S,  and  therefore  meet  witli  no  interference.  The  nearest  approach 
to  the  needle  point  in  practical  application  is  the  Gumming  Periphery 
Contact  of  two  discs  set  at  right  angles,  as  shown  in  Fig.  10. 

THE  VULCANIZED  FIBRE  COMPANY. 
This  company  whose  works  are  situated  at  Wilmington,  Delaware, 
exhibits  a  number  of  samples  of  tel^raph  apparatus  of  different  kinds 
manufactured   by  Patrick  and  Carter,  in  which  the  material  com- 
mercially known  as  "vulcanized  fibre"  has  been  utilized  as  an  insulat- 
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iog  material,  where  Bucb  uaterial  ie  required,  such  as  oases,  bobbins 
and  covers  for  electro-magnetic  coils,  etc. 


This  material  seems  to  possess  many  desirable  characteristics  for  this 
purpose.  It  is  made  in  three  colors,  red,  white  and  black.  It  is 
much  cheaper  than  vulcanized  rubber,  takes  an  excellent  polish  and 
withstands  heat,  very  much  better  than  rubber.  It  is  an  excellent 
insulator,  except  that  in  very  damp  places  it  abeorbe  moisture  to  some 
extent.  This,  however,  does  not  affect  its  value  for  tel^raphic 
apparatus,  which  is  always  carefully  protected  from  dampness.  We 
consider  it  admirably  adapted  for  the  purposes  to  which  it  has  been  ^ 
applied  in  the  exhibit  under  consideration. 


m'causland's  printing  telegraph. 

This  apparatus  is  designed  for  the  rapid  printing  of  quotations  of 
the  markets  and  exchanges,  according  to  a  system  in  extensive  use  in 
the  larger  cities  of  the  United  States. 

Two  line  wires  are  employed,  one  for  bringing  the  type  wheel  into 
position  and  the  other  for  printing  the  succeeeive  letters  as  they  are 
brought  into  position.  The  mechanism  for  advandug  the  type-wheel 
by  the  to-and-fro  motion  of  the  armature  of  an  electro-magnet  is  a 
prominent  characterisdc  of  the  machine.  In  the  instrument  now  in 
general  use  this  is  effected  by  a  driving  escapement,  consisting  of  a 
ratchet  or  pawl  attached  to  and  moved  by  the  armature,  and  a  ratchet- 
wheel  with  inclined  teeth  fixed  on  the  l^pe-wbeel  shaft.     By  this 
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mechanism,  an  iatermitteat  advance  motion  of  rotation  is  communicated 
to  the  type-wheel  shaft.  In  the  McCaueeland  macliine  this  form  of 
escapement  is  replaced  by  a  small  crank,  which  is  caused  to  revolve  by 
the  reciprocating  motion  of  the  armature,  and  has  upon  its  axis  a 
pinion  which  engages  with  a  large  toothed  wheel  upon  the  type-wheel 
shaft.  The  application  of  this  mechanism  is  exceedingly  novel  and 
ingenious,  and  would  seem  to  possess  at  least  one  important  advantage 
namely  :  that  the  motion  of  the  type-wheel  in  passing  from  one  letter 
to  another  is  continuous  aud  not  intermittent.  It  thus  not  only  utilizes 
the  magnetic  power  (which  is  barely  sufficient  at  most)  to  great 
advaut^;e,  as  the  type-wheel  does  not  have  to  be  started  from  a  position 
of  rest  at  each  pulsation,  but  the  momentum  of  the  type-wheel  tends  to 
assist  the  action  of  the  electro-magnet  in  case  of  an  imperfect  electrical 
pulsation.  The  platen  for  printing  from  either  one  of  two  parallel 
type-wheels,  is  an  exceedingly  novel,  simple  and  efficient  device.  The 
type^wbecl  magnet  is  double,  consisting  of  two  magnets  placed  side  by 
side  and  acting  simultaneously  upon  one  and  the  same  armature.  The 
electric  current  is  divided  upon  entering  the  instrument  between  two 
branch  circuits,  half  going  through  one  magnet  and  half  through  the 
other.  The  inventor  conceives  that  by  this  arrangement  the  force  of 
the  electrical  current  is  compounded  and  that  greata-  magnetic  force  is 
produced  in  all  cases  from  a  given  current.  This,  however,  depends 
entirely  upon  the  ratio  of  the  several  resistances  of  the  electro- magnet 
the  line  and  the  battery.  The  assumption  is  true  under  the  particular 
conditions  under  which  the  instrument  was  exhibited,  namely,  a  battery 
of  small  resistance  and  a  line  of  inappreciable  resistance.  It  would 
not  be  true  under  the  conditions  which  must  necessarily  exist  in  actual 
service,  and  we  do  not  r^ard  this  detail  of  arrangement  as  one  pos- 
sessing any  value. 

EDISOS'S    EMBOSSING   TKANSLATING   TELEGRAPH. 

This  apparatus  is  designed  for  the  automatic  retransmission  of  tele- 
graphic messages  at  transfer  stations.  This  work  is  usually  performed 
by  automatic  repeaters,  in  which  the  receiving  instrument  of  the  one 
line  acts  as  a  key  to  re-write  the  communication,  letter  by  letter,  upon 
another  line.  In  case  it  is  not  convenient  to  do  this,  the  message  is 
copied  in  the  usual  manner  by  the  receiving  operator,  and  then  handetl 
to  another  operator,  to  be  resent  nixtn  tlie  second  line.     Mr.  Edison's 
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apparatuB  is  deeigaed  to  stereotype  the  received  message  upon  [uper  in 
telegraphic  characters.  Tliia  stereotype  may  be  used  nt  any  time 
thereafter  for  the  automatic  retransmission  of  its  contents  upon  the 
same  or  another  line. 

The  mechanism  is  very  simple,  consisting  of  a  horizontal  circular 
brass  plate,  having  spiral  grooves  engraved  upon  its  upper  surface, 
which  plate  is  capable  of  being  revolved  by  an  electric-motor.  A 
sheet  of  soft  paper  ie  fastened  upon  the  surface  of  the  plate  and 
revolves  with  it,  so  that  the  telegraphic  characters,  as  received,  may 
be  embossed  upon  it  by  a  stylus  working  into  the  spiral  groove,  in  the 
mauuer  of  the  ordinary  telegraphic  register.  This  circular  sheet  of 
paper,  with  the  message  embossed  upon  it  in  spiral  lines,  forms  a  ster- 
eotype, which  may  be  used  at  any  time  to  retransmit  the  message,  by 
placing  it  upon  the  same  or  a  similar  plate  and  permitting  the  stylus 
to  follow  the  indentations,  by  which  a  proper  motion  is  imparted  to  it 
for  making  and  breaking  the  circuit  upon  the  second  line,  and  thus 
the  ori^nsl  signals  are  reproduced  without  possibility  of  error. 

Edison's  motoqraph  relay. 
This  is  a  tel^raphic  receiving  instrument,  which  is  operated  without 
the  aid  of  electro-magnetism.  It  is  based  upon  the  fact,  first  made 
known  by  Mr.  Edison,  that  an  electric  current  passing  from  one  to  the 
other  of  two  surfaces,  in  frictional  contact  with  each  other,  materially 
diminishes  the  coefBcient  of  friction.  A  small  electric  motor  causes  a 
csylinder  of  chalk  to  revolve  against  a  rubber,  to  which  rubber  is 
attached  the  circuit- breaker  by  means  of  which  the  local  receiving 
instrument  is  actuated.  When  no  current  is  passing  through  the  main 
line,  the  action  of  the  friction  tends  to  drag  the  circuit-breaker  against 
its  rear  contact.  As  soou  as  the  current  flows,  the  friction  is  dimin- 
ished to  such  an  extent  that  it  is  overpowered  by  an  antagonietio 
spring,  which  draws  the  circuit-breaker  into  contact  with  the  stop 
which  closes  the  local  circuit.  This  is  a  highly  ingenious  apparatus, 
and  is  said  to  be  capable  of  recording  signals  with  much  greater  rapid- 
ity than  any  electro-magnetic  instrument  hitherto  devised.  It  has  not, 
however,  been  applied  in  practical  use. 
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[Here  follows  a  desoriptloii  of  the  advantages  of  the  use  of  the  Type 
Writer  foF  reproducing  the  mewagee  received  at  the  various  tel^^raph  sta- 
tions. For  various  reanons,  among  which,  Is  the  fhct  that  the  advantage 
could  only  be  claimed  for  the  reception  of  messages  on  telegraphic  iustm- 
ments  which  do  not  print.  The  Editing  Committee  has  Judged  it  expedl* 
ent  to  omit  this  paragraph.— Ed.  Goh.] 

Bespectfully  submitt<>d  by 

Frank  L.  Pope  (CAn.), 
Chab.  J.  Shain,  H.  W.  Sellers, 

Wm.  H.  Gbeene,  Hugo  Bilgram, 

E.  Alex.  Scott,  John  W.  Ntstrom. 
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INTERNATIONAL  ELECTRICAL  EXHIBITION,  1884. 
Franklin  IiffinruTE,  Philadelphia,  Pa. 


REPORT  OF  EXAMINEES. 
SEcmoN  XXI. — FiBE  Ain>  Bobqiak  Alabhb  and  Anhtingiatobs. 


To  the  Board  of  Managers,  Franklin  Indiiuie  : 

Gentlehen  :— I  have  the  honor  to  transmit  herewith  the  report  of 
'  the  Examiners  of  Section  XXI,  on  Fire  and  Burglar  Alarms  and 
Annunciators. 

Respectfully, 

M.  B.  9NYDBH, 

CSuiirman  Board  of  Bxaminert. 
Philadelphia,  December,  1884. 


Chairvum  Board  of  Exammera,  IntenuUional  ElealruxU  Exhibition  i 

Sib  : — The  Ezaminera  in  Section  XXI  (on  Fire  and  Bui^lai 
Alarms  and  Annundators),  respectiiilly  present  the  following  report 

David  B.  "Walker,  (CA'n), 

Examina-a  of  Section  XXI, 
Philaqmlphia,  December,  1S84. 
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FIRE  AND  BURGLAR  ALABMS  AND  ANNXTNCIATORS. 

EXHIBIT  OP  THE  WEaTEEN   ELECTEIC  COMPANY. 

The  Hotel  Fire  Alarm  and  Boom  CM,  exhibited  by  this  oompacy, 
is  designed  for  the  following  purpoeee :  When  a  call  is  received  in 
the  office  hy  meann  of  the  anDiinciator,  the  clerk,  by  pressing  ooe  of 
the  push  buttons,  can  signify  to  the  guest  that  the  call  has  been 
received  and  will  be  attended  to.  Should  the  clerk  desire  to  ascertain 
whether  a  guest  is  in  his  room,  he  can  press  on  the  proper  button  of 
the  room  call,  and  the  guest,  by  pressing  upon  the  button  in  his  room, 
can  signify  that  he  is  in.  The  n>om  call  can  also  be  used  to  call  the 
guests  at  any  time  desired ;  when  employed  for  that  purpose,  the  bell 
being  kept  ringing  until  the  guest  announces  that  he  is  both  awake 
and  up,  by  signaling  back  to  the  annunciator,  causing  the  bell  in  &e 
office  to  ring  and  his  drop  to  fall.  In  case  of  a  fire,  by  moving  a 
Bwitoh,  a  crank  is  set  in  motion  and  rollers  upon  the  two  ends,  by 
pressing  upon  the  push  buttons  successively,  ring  the  bell  in  every 
room. 

The  chief  advantage  claimed  for  this  system  is  that  it  requites  only 
the  same  battery  as  is  in  ordinary  use  for  the  hotel  call,  and  it  is  there- 
fore subjected  to  daily  tests ;  but  where  a  large  battery  is  required  for 
the  fire  alarm,  there  is  a  liability  that,  in  time  of  a  fire,  from  being 
seldom  used,  it  will  be  found  out  of  order.  While  there  is  quite  a 
similarity  in  hotel  annunciators,  in  this  one  the  arrangements  are 
novel  and  the  mechanism  simple  in  its  construction,  so  as  not  to  be 
easily  disarranged. 

In  the  Burglar  Alarm  Annunciator,  the  indications  are  made  by 
means  of  the  needle  annunciator.  By  the  action  of  suitably  arranged 
switches  it  is  possible  to  connect  to  or  disconnect  from  the  alarm,  any 
part  of  the  house,  at  pleasure ;  the  annunciator  and  bell  can  be  con- 
nected to  the  alarm  if  desired,  or  the  annunciator  can  be  connected  and 
the  bell  not  connected,  thus  giving  a  silent  alarm  ;  or  to  show  wh^w 
the  strength  of  the  battery  is  sufficient  to  work  the  alarm,  it  can  be 
ocHineoted  with  the  bell  alone. 
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Bj  the  system  of  "  Continuous  Rioging/'  the  bell  rings  whenever 
an  opening  is  made,  not  onlj  as  long  as  the  opening  r^nains  but  until 
attention  is  called  to  the  alarm  and  the  ringing  stopped  bj  means  of 
the  restoring  apparatus.  Bj  means  of  a  switch  on  each  machine,  the 
"Continuous  Hinging"  system  can  be  used,  or  not,  at  pleasure. 

The  chief  advantage  claimed  for  the  Williams  Mechanical  Gong  is 
that  it  requires  but  a  very  slight  electrical  current  to  release  the  mech- 
anism, aud  the  hammer  being  near  the  centre  of  the  shail  on  which  it 
swings,  is  easily  set  in  motion,  so  that  as  it  approaches  the  gong,  the 
centrifugal  force  carries  it  into  position. 

For  the  Haskins  Turtle  Gong  it  is  claimed  that  the  pivoting  of  the 
armature  is  such  that  a  very  slight  electrical  current  will  be  sufficient 
to  actuate  it.     With  this  is  combined  the  advantage  of  economy  of 


EXHIBIT  OP  THE  NOVELTY  ELECTEIC  COMPANY. 

The  Novelty  Electric  Company  exhibit  the  following  Fire  and  Bur- 
glar Alarm  systems : 

The  lire  alarm  exhibited  was  patented  by  Mr,  Aheam,  of  Aheam 
&  Soper,  Toronto,  Canada,  and  is  designed  as  a  cheap  and  economical 
system  for  small  towns.  Signal  boxes  are  located  at  convenient  points : 
these  boxes  are  in  electrical  circuit,  with  electro-magnetic  bells,  which 
are  designed  to  be  placed  in  engine  houses,  stores  and  private  resi- 
dences. The  operation  is  simple  and  is  as  follows :  The  opening  of  the 
signal  box  door  releases  a  weight,  which,  dropping,  causes  an  armature 
to  revolve  between  permanent  magnets,  which  are  similar  in  construc- 
tion to  the  magnets  and  armature  of  the  Bell  magneto :  this  gives  an 
eflect  the  same  as  turning  the  crank  of  a  magneto.  On  the  spindle  oi 
the  armature,  or  connected  with  it,  is  a  small  circular  circuit  breaker, 
which  automatically  signals  the  number  of  the  station  from  which 
the  signal  has  been  sent  upon  all  the  bells  with  which  it  may  be  con- 
nected. 

The  burglar  alarms  exhibited  were  patented  by  D.  Bosseau,  of 
New  York,  and  J.  D.  Lazelle,  of  New  York,  and  contain  the  follow- 
ing important  features :  In  addition  to  the  alarm  system,  they  have 
an  attachment  by  which  every  door  and  window  that  is  in  circuit 
can  be  tested  without  the  noise  and  annoyance  of  the  bell  ringing ; 
this  attachment  is  called  a  '*  silent  teeter."  In  the  case  there  is  also  a 
clock  which,  besides  being  an  ornamental  time  piece,  automatically  and 
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8t  any  hour  desired,  opens  all  or  aay  part  of  the  hduse,  and  at  the 
same  time  rings  an  alarm  for  the  purpose  of  calling  the  occupants  of 
a  certain'i-oora. 

Burglar  Alarm,  No.  2,  has  all  of  the  above  attachments,  with  addi- 
tional attachments  to  awaken  different  servants,  guests  and  household 
at  different  hours. 

Burglar  Alarm  No.  3,  in  addition  to  the  attachments  of  No.  1,  has 
the  advantage  of  a  gas  connection,  which  works  in  conjunction  with 
indicators  or  drops,  so  that  in  case  a  burglar  opens  a  door  or  window, 
he  not  only  rings  the  bell  and  drops  an  indicator,  hut  also  lights  the 
gas  and  reveals  his  exact  position. 

Burglar  Alarm  No.  4,  merely  communicates  an  alarm  without  giv- 
ing any  indications  from  what  particular  point  it  cornea.  In  order  to 
locate  the  point  of  alarm  the  switches  must  be  turned  on  the  face  of 
the  alarm,  when  the  correct  one  will  atop  the  ringing  of  the  bell.  The 
annunciators  are  of  the  shuttle-drop  kind,  not  complicated  nor  easily 
put  out  of  order,  and  are  claimed  to  be  effective. 

applegatb's  blectbic  floor-mat  alarm. 

This  system  comprises  essentially  an  electric  alarm  bell,  a  mat-car- 
rying circuit,  and  closing  and  breaking  devices,  so  that  when  the  mat 
is  subjected  to  pressure  the  alarm  will  be  sounded.  The  mat  consists 
of  narrow  strips  of  wood  connected  to  a  fabric  backing,  and  on  the 
strip  side  of  the  mat  is  a  series  of  springs  which  support  the  mat,  there 
being  two  separate  wires  and  the  springs  being  securely  connected  to 
eaoh  wire.  When  the  mat  is  stepped  upon  these  springs  are  compressed, 
contacts  are  made,  and  a  current  is  sent  through  the  connecting  wires 
(which  are  embedded  or  grooved  in  the  wood)  to  the  bell  electro-mag- 
net, BO  as  to  sound  an  alarm.  The  bell  has  a  switch  or  lever  on  the 
frame,  by  means  of  which,  when  moved,  the  vibrating  adjustments  are 
displaced  and  the  current  ceases  to  flow  through  the  armature  spring 
or  circuit  breaker,  then  passes  directly  through  the  magnet,  and  upon 
the  movement  of  this  switch  or  side  lever,  it  greatly  lengthens  the 
stroke  of  the  armature,  which  is  essential  when  a  single  stroke  only  is 
desired.  The  same  lever  that  lengthens  the  stroke  switches  the  current 
directly  through  the  magnet  closing  the  circuit,  attracting  and  holding 
the  armature.  The  reverse  movement  of  the  lever  readjusts  the  bell 
as  a  complete  vibrator  with  a  short  stroke. 
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There  ia  also  a  further  improvemeat,  "autonuiti<^  "  io  the  form  of  a 
ratchet  wheel  vhidi  revolves  by  the  movement  of  the-  armature  hj 
means  of  a  pawl,  the  wheel  revolving  upon  a  projection  from  the  bell 
frame.  The  wheel  has  a  pin,  or  pina,  inserted  and  properly  insulated 
from  it,  Ab  the  armature  vibrates,  the  wheel  revolves  and  one  of  the 
projecting  ptns  oomee  in  contact  with  two  delicate  springs  sending 
the  current  directly  through  the  magnet  and  holding  the  armature, 
acting  autoiuatically  and  giving  a  short  sound  of  the  alarm  with  the 
circuit  still  closed  at  the  mat  or  other  circuit-closing  devices.  When 
the  circuit  is  broken  at  the  mat  it  is  also  broken  at  the  two  small 
springs  on  the  bell  ready  to  repeat  the  short  alarm  upon  closing  the 
circuit,  thereby  preventing  an  annoyance  while  the  distant  points  may 
be  connected. 

A  padding  is  used,  in  connection  with  the  mat  or  mattii^,  comprised 
of  four  thicknesses  of  paper,  glued  together,  known  as  carpet  padding 
pnip  paper.  li^ch  of  the  strips  of  different  width;  thus,  by  laying 
it  at  the  outer  edges,  graduating  the  carpet  and  hiding  the  mat,  and,  in 
addition  to  the  finish,  preventing  the  mat  from  cutting  the  carpet  or 
other  covering. 

The  mat  exhibited  is  intended  for  use  on  an  open  circuit,  but  can  be 
used  also  on  closed  circuits. 

The  advantages  claimed  for  this  system  are  security,  portability, 
cheapness  and  convenience.  The  mats  may  be  placed  beneath  the 
carpet  and  the  wires  entirely  concealed  so  that  the  burglar  has  no  chance 
of  rendering  flie  device  inoperative  by  cutting  the  wires,  while  a  few 
pieces  of  the  matting  placed  in  different  portions  of  the  house  would 
provide  ample  protection.  The  mat  alarm  affords  the  same  protection, 
whether  the  doors  or  windows  are  closed  or  open,  and  therefore  inter- 
feres iu  no  way  with  the  proper  ventilation  of  the  house.  The  system 
is  available  as  a  call  for  stores,  ofBces,  banks,  etc.,  as  well  as  for  a 
burglar  alarm.  As  the  mat  can  be  put  down  and  taken  up  without 
trouble,  and  as  the  wiring  is  very  simple,  it  can  be  readily  transferred 
from  one  house  to  another.  We  append  a  copy  of  the  patents  which 
explain  the  accompanying  diagrams.* 


*  Sere  follow  copies  of  the  drawings  and  speclflcatlons  filed  In  the  fol- 
lowln^r  patents :  196,074,  September  11, 1S77 ;  240,939,  Uay  S,  1S8I,  whloh  the 
committee  does  not  deem  It  neoeesary  to  ie>pablish. 
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EXHIBIT  or  THE  AHBBICAN   DIHTBICT  TEX&QRAPH  COMPANY. 

The  DiBtrict  Call  system  may  be  described  as  follows :  A  box  oon- 
tains  a  clock-work,  wbich,  when  wonod  up,  by  the  taniiiig  of  a  crank 
or  handle  on  th«  outside  of  the  box  revolves  a  circuit-breaking  wheel 
upon  the  periphery  of  which  rests  a  connecting  spring.  When  the 
crank  or  handle  ia  placed  at  the  word  "  messenger  "  and  released,  the 
revolution  of  the  circuit  wheel  causes  the  connecting  spring  to  drop 
into  slotted  or  open  spaces  and  breaks  the  main  circuit  snd  the  signal 
of  the  box,  thus  arranged  is  received  at  the  district  or  centra)  office 
upon  a  relay,  the  back  action  of  the  armature  of  which  closes  a  local 
circuit  acting  upon  a  bell  and  register  and  recording  the  signal.  When 
the  crank  is  placed  at  the  word  "  police  "  and  released,  the  circuit  wheel 
makes  two  levolutions  causing  two  regbtratious  of  the  signal. 

The  several  calls  for  which  the  box  ia  arranged  are  determined  by 
the  number  of  ^mes  the  signal  is  received  at  the  central  office. 

It  may  be  noted  that  all  "call "  signals  end  with  an  even  figure  to 
distinguish  them  from  the  bui^lar  alarm  signals  which  end  with  an 
odd  figure.  This  system  of  calls  being  the  usual  method  adopted  by 
all  District  Telegraph  Companies,  for  signaling  from  a  distant  point  to 
a  oeutral  office.  No  special  claim  is  made  for  it  excepting  as  it  enters 
into  the  arrangement  of  the  following  described  exhibits : 

THE  CLOSED  CIRCUIT    BUSOLAB  ALABM  SYSTEM. 

The  doors  and  windows  having  been  'connected  by  closed  circuit 
springs  to  the  bui^lar  alarm  box  placed  in  the  building,  the  action 
may  be  substantially  described  as  follows ; 

The  box  contains  the  circuit-breaking  wheel  before  described,  a  pair 
of  magnets  to  actuate  an  armature  and  a  pivoted  shaft  to  hold  the  cir- 
cuit wheel  in  check.  The  main  circuit  ts  brought  in  and  connected  to 
each  side  of  the  pair  of  magnets, — after  passing  through  the  circuit 
wheel  and  connection  spring,  and,  at  these  points  the  sbunt  or  wire 
passing  through  the  building  and  fastened  to  the  spring,  is  also  con- 
nected. When  the  shunt  is  closed  by  the  closing  of  each  and  every 
door  and  window,  the  ctock-work  is  wound  up  and  the  circuit  wheel 
is  caught  and  locked  by  the  pivoted  shaft,  at  the  same  time  a  plate 
drops  in  front  of  an  opening  in  the  box  face  and  shows  the  word  "  set." 
The  nuun  circuit  now  passes  from  the  point  of  connection  over  the 


flhnnt,  which  offering  a  very  much  leas  resistance  than  the  magnets  cuts 
them  out  so  long  as  the  nhuut  in  kept  closed.  Should  any  door  or 
wiudow  DOW  be  opened,  aud  the  shunt  be  broken,  the  circuit  passes 
through  the  m^nets,  attracting  tlie  armature  which  trips  or  throws  off 
the  detaining  shaft  and  releases  the  clock-work.  The  magnets  having 
performed  their  work,  are,  by  a  very  simple  device,  cut  out  of  the  main 
circuit,  and  the  circuit  wheel  and  connection  spring  are  alone  left  in  the 
line  circuit. 

By  the  use  of  a  simple  device  the  magnets  may  be  thrown  into  iiir- 
cuit,  the  box  not  being  wound  up,  and  should  any  portion  of  the  sbunt 
be  open  the  armature  will  be  attracted  and  a  clicking  sound  be  heard, 
which  will  not  he  possible  if  the  shunt  is  closed  and  intact.  The 
signal  of  the  burglar  alarm  is  transmitted  five  times.  It  is  claimed 
that  this  system  is  a  perfect  closed  circuit  "alarm,"  by  which  it  is  not 
possible  to  leave  any  portion  of  a  building,  connected  by  this  method, 
open  or  unprotected,  as  the  shunt  must  be  closed  in  its  entirety  to  wind 
up  and  "  set "  the  alarm  box. 

The  protective  or  cabinet  system  consists  of  a  wooden  case  or  cov- 
ering, the  inner  surfaces  of  which  are  lined  throughout  with  wires, 
which,  being  securely  fastened  in  both  directions  upon  the  surfaces, 
forms  a  perfect  protection.  This  case  may  be  used  as  a  cabinet, 
simply,  or  as  an  enclosing  case  for  a  safe.  It  is  connected  by  wire 
with  a  central  office  having  special  appliances  for  receiving  noUce  of 
the  closing  as  well  as  the  opening  of  the  case.  It  is  claimed  for  this 
system  that  it  is  a  perfected  method  of  protecting  safes,  vaults  and 
rooms  by  an  electric  covering  which  cannot  be  broken  through,  cat 
out  of  circuit,  or  in  any  manner  tampered  with,  after  having  been 
closed  and  placed  in  connection  with  a  central  office,  by  any  one — 
expert  burglar,  electrician,  or  any  other  person. 

THE  POLICE  SIGNAL  SYSTEM  OF  THE  MUNICIPAL  SIGNAL  COMPANY 
OP  BOSTON. 
This  system  provides  means  of  intercommunication  between  the 
policemen  on  their  routes  and  the  commanding  officer  at  the  police 
station,  by  signaling  apparatus  designed  for  the  purpose  and  also  by 
telephone,  the  latter  being  used  solely  as  an  adjunct  to  the  signaling 
portion  of  the  system.  The  exhibit  comprises  a  station  house  appa- 
ratus and  a  policeman's  beat  equipped  with  two  signal  botes  or  stations 
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and  a  telephone  Btation,  the  stationB  being  connected  with  the  atation 
house  iDstnimenta  by  two  metallic  circuits,  one  for  signals  und  the 
other  for  telephones.  The  station  house  instrumeDta  consist  of  two 
relays,  one  on  each  side  of  the  signal  circuit,  their  armatures  control- 
ling two  ink  recorders  after  the  manner  of  district  or  fire  alarm  tele- 
graphs. One  of  these  recording  instruments  roisters  the  "on  duty," 
or  "  patrol "  signals  of  the  policemen,  while  the  other  only  records  the 
"alarm"  signals.  The  signals  are  regulated  by  the  introduction  of 
a  greater  or  less  resistAnoe,  the  less  resistance  being  used  for  the  patrol 
and  the  greater  for  the  alarm  signals.  The  station  house  is  also  pro- 
vided with  a  transmitter  capable  of  transmitting  any  one  of  a  hun- 
dred numbers,  and  it  is  provided  with  aji  index  dial  and  pointer  for 
convenience  in  setting  it  in  position  to  transmit  any  desired  number. 
The  transmitter  itself  is  of  ingenious  construction,  being  a  concaved 
drum,  having  the  circuit  controlling  contact  points  for  each  number 
grouped  thereon  longitudinally,  the  various  signals  being  arranged 
side  by  side  round  the  drum.  Four  revolving  arms,  moved  by  a 
clock-work  motor,  controlled  by  detents  and  having  flexible  contacts 
at  theur  extremities,  which,  when  revolved,  successively  co-operate  with 
the  contact  points  on  the  concave  surface  of  the  drum,  close  and 
open  a  local  circuit  controlling  a  pole  changer  whereby  the  main 
battery  on  the  signal  circuit  is  reversed  whenever  the  revolving  contact 
in  co-opeiation  with  one  of  the  drum  contacts,  closes  the  local  circuit 
of  the  pole  changer.  The  street  signal  boxes,  when  their  doors  are 
open,  expose  diab  having  nine  different  signals  or  calls  conspicuously 
displayed  thereon,  such  as  "  Aid,"  "  Wagon,"  "  Riot,"  "Ambulance," 
etc.,  and  should  a  policeman  require  "  aid,"  "  wagon,"  or  anything 
inscribed  on  the  dial,  he  has  merely  to  move  an  index  finger  to  that 
desired,  and  then  give  the  alarm,  which  causes  characters,  such  as  dots 
and  dashea  to  be  transmitted  over  the  circuit  and  recorded  at  the  police 
station,  indicatiDg  to  the  person  in  atlendanoe  the  nature  of  the  aid 
and  die  locality  where  it  is  wanted.  The  closing  of  the  door  of  the 
signal  box  restores  the  indicator  to  its  normal  position.  Citizens  may 
have  keys  issued  to  them,  numbered  and  registered  at  police  head- 
quarters, and  they  can  give  a  police  alarm  from  any  signal  station  by 
merely  inserting  the  key  in  a  "citizen's  keyhole,"  underneath  the 
door  of  the  signal  box,  turning  it  as  &r  as  it  will  go,  and  then  releas- 
ing  it,  and  a  policeman  can  likewise,  in  an  emei^enc^,  give  a  call  for 
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asBistaace  in  like  manner,  vithout  being  obliged  to  open  a  door  of  any 
kind. 

The  telephone  Btations,  as  shown  in  this  exhibit,  are  separate  from 
the  signal  stations,  but  they  each  bear  a  namber  to  distinguish  them 
from  each  other,  aa  do  aiso  the  signal  stations.  It  is  claimed  that  the 
telephone  statJons  can  be  combined  with  the  «gnal  statioqs. 

Policemen  can  send  in  their  "  on  duty  "  signal  from  the  signal  boxes 
in  rotation,  at  certain  definite  times,  and  these  sigoals  are  received 
on  the  patrol  register  at  the  police  station,  and,  at  the  same  time,  the 
transmitter  is  automatically  brought  into  action  and  transmite  over  the 
circuit  whatever  number  is  in  position  for  transmission,  ringing  it  on 
a  bell  inside  of  the  street  signal  box,  by  means  of  a  polarized  mi^^et 
an<l  armature,  the  policeman  being  informed  by  the  number  he  hears 
whether  he  is  wanted  at  the  telephone  or  at  some  other  signal  stetion. 

The  chief  merits  claimed  for  this  system  are :  complete  control  of 
the  policemen  by  their  commanding  officer;  rapid  and  efficacious  com- 
munication of  policemen  and  citizens  with  police  stetious,  and  separate 
and  independent  recording  instruments  for  alarms  anil  "  on  duty  "  sig- 
nals on  a  single  circuit.  It  is  also  claimed  that  if  an  "  on  duty  "  sig- 
nal and  a  "  call "  signal  be  given  simulteneously  that  the  "  call "  sig- 
nal will  be  registered  notwithstanding  the  "  on  dufy"  signal,  the  inter- 
ference not  affecting  the  more  important,  or  "  call "  signal,  owing  to 
the  higher  resistance  introduced  into  the  circuit. 

The  mechanism  by  means  of  which  the  signal  boxes  are  operated 
was  not  shown  to  the  committee. 


THE  PORTER  AUTOMATIC  ELRCTRIC  SIGNAL  AS  A  FIRE  ALARM 
SYSTEM. 

The  principle  of  the  circuit  is  known  as  the  earth  or  ground  con- 
nections; that  portion,  however,  which  is  outside  of  the  office  is  metallic, 
the  grounded  ends  being  under  control  of  the  operator  at  the  station. 

At  each  end  of  the  circuit  there  is  a  system  of  relays  and  local 
signal.  .On  one  of  the  ends  there  is  a  rheostat  for  the  purpose  of  in- 
creasing or  diminishing  the  resistance  of  the  circuit.  The  ordinary 
method  for  using  this  is  to  "  put  in  "  as  much  resistance  on.  the  rheostat 
end  of  the  circuit  as  will  enable  the  tension  spring  of  the  relay  at  the 
outgoing  end  of  the  circuit  to  overcome  the  magnetic  attraction  on  the 
armature,  thus  holding  it  away  from  the  poles  until  the  resistance  in 
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the  circait  is  reduoed  wheo  the  magnetic  attraction  will  overcome  the 
tension  spring  and  a  local  alarm  is  the  result.  The  relay  on  the 
rheostat  end  of  the  circuit  is  operated  just  the  reverse  of  the  one  at  the 
hatteiy  end,  the  adjustment  being  made  so  that  the  magnetic  attrac- 
tion barely  overcomes  the  tension  8])ring ;  so  that  the  slightest  &11ing 
otf  of  magnetic  attraction  will  permit  the  tension  spriog  to  draw  the 
annature  back,  when  the  other  local  alarm  system  will  be  operated. 

Each  signal  box  has  an  earth  connection,  which  is  brought  into  use 
only  when  the  box  is  operated  bo  that,  by  giving  a  signal,  a  ground  is 
established  through  the  circuit  breaking  wheel,  the  circuit  being  broken 
by  the  same  operation,  as  the  wheel  revolves,  the  combination  giving 
the  number  of  the  box  is  consecutively  made  and  repeated  three 
times.  It  is  claimed  for  this  system  of  signaling  that  on  one  side 
the  circuit  might  be  entirely  destroyed,  while  the  signal  would  come 
into  the  office  all  right  on  the  other  side.  It  is  also  claimed  that  the 
operator  i^  made  aware  of  the  slightest  changes  in  the  condition  of 
the  circuit  and  without  leaving  his  station  can  instantly  switch  in  a 
reserve  battery  or  even  utilize  a  "  ground,"  "  break,"  or  "  cross  "  to  do 
the  work  of  signaling. 


EXHIBIT  OF  PABTICK   A  CARTEB. 

The  novelty  of  device,  mechanism,  etc.,  which  is  claimed  for  the 
annunciators  and  ahinos  in  the  above  exhibit,  are : 

1.  A  perforated  eidc  plate  acting  as  a  dial  and  support  for  the 
pointere,  and  in  the  smaller  size  performing  the  part  of  tripping  or 
restoring  mechanism  without  any  farther  mechanism  being  necessary 
than  a  pair  of  hinges  at  the  top  of  plate.  The  plate,  or  dial  on  being 
moved  forward,  breaks  the  contact  between  the  pointer  and  the  magnet 
core;  no  amount  of  jar  or  hard  usage  will  throw  this  plate  out  of  place 
or  adjustment,  a  very  important  point  when  the  rough  handling  of 
kitchen  and  other  annunciators  is  so  apt  to  throw  delicately  constructed 
mechanism  out  of  order, 

2.  The  small  numlier  and  great  simplicity  of  the  parte,  there  being 
only  one  magnet  and  a  pivoted  needle  or  pointer  neoeseaiy  for  each 
indicator  or  number,  thus  reducing  the  number  of  parte  to  a  minimum, 
the  simple  pointer  doing  the  work  of  several  parts. 

3.  In  the  large  or  hotel  anuuuciators  the  same  mechanism  is 
employed  as  iu  the  smaller, with  the  exception  that  the  dial  is  stationary, 
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the  tripping  mechaDism  being  merely  a  system  or  number  of  brass 
strips  carrying  ping  projecting  through  slots  in  the  dial.  These  pins 
press  the  pointer  away  from  the  magnet  core  whenever  the  trip  handle 
is  moved.  Only  the  pointer  that  is  indicating  is  moved  by  this  ar- 
rangement. 

4.  Owing  to  tlie  extreme  simplicity  of  this  apparatus  a  very  small 
battery  power  is  required  to  operate  the  annunciator. 

6.  All  bells  placed  in  these  annunciators  are  mounted  on  iron 
frames,  so  arranged  that  it  is  almost  impossible  to  put  them  out  of  ad- 
justment. 

6.  The  needle  or  pointer  can  be  made  of  steel  or  iron,  as  permanent 
magnetism  is  not  depended  upon  to  cause  it  to  adhere  to  the  core  of 
the  magnet,  residual  magnetism  being  sufficient* 

The  committee  regret  that  they  were  not  furnished  with  more 
lettered  diagrams  of  the  exhibits  as  thereby  the  explanations  could  have 
been  more  clearly  set  forth. 

In  sfHue  instances  it  was  found  that  the  persons  in  chat^  of  the 
exhibits  were  not  as  fully  competent  to  explain  the  workings  thereof 
as  the  committee  would  have  desired. 

The  foregoing  report  is  respectfully  submitted  by 

David  R.  Walker,  Chairman. 
Wu.  Atlee  Dbysdale,  Hugo  Bilqrah, 

David  Bbooks,  Louib  H.  Sfellieb, 

E.  Alex.  Soott,  Thbo.  D.  Rand. 


*  Here  followe  a  diagram  of  the  connection  for  the  Patrick  &  Garter 
alarm,  which  the  committee  does  not  think  It  necessary  to  reproduce. 
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1884-INTERNATIONAL  ELECTRICAL  EXHIBITION-1884 

OF   THE 

FRANKLIN    INSTITUTE    OF    THE    STATE    OF    PENNSYLVANIA. 
FOR  THE  PROMOTION  OF  THE  MECHANIC  ARTS. 

Section  XXII. — Railway  Signals. 

To  the  Board  of  Managers  of  the  Franklin  Institute  : 

Gentlemen  : — I  have  the  honor  to  transmit  herewith  the  report 
■of  the  Examiners  of  Section  XXII  on  "  Electric  Signaling  and 
Registering  Apparatus."      Respectfully,  M.  B,  Snyder. 

Chairman  Board  of  Examiners. 
Philadelphia,  December,  1885. 

Caubkidge,  Mass.,  September  i,  1885. 
Prof.  M.  B.  Snyder,  Chairman  of  the  Board  of  Examiners. 

Dear  Sir  ; — I  hand  you  herewith  the  report  of  the  Examining 
Committee  in  Section  XXII. 

Yours  respectfully, 

Wm.  a.  Rogers, 

Chairman  of  Section. 

SECTION  XXII. 

The  Examining  Committee  of  ttiis  Section  unanimously  decided  that — 

(1.)  The  Committee  be  divided  into  sub-committees,  as  follows; 

Sub-committee  I,  Railway  Signals,  Prof.  W.  A.  Rogers,  Chairman ;  Messrs. 
Dolbear,  Fiske,  Kintner,  Penrose,  Phillips  and  Plush. 

Sub-corartiitiee  II,  Time-pieces,  Prof.  Waldo,  Chairman  ;  Messrs.  Harring- 
ton, Harkness,  Kintnei  and  Rogers. 

Sub-committee  III,  Chronc^aphs,  Prof.  Harkness,  Chairman;  Messrs. 
Harding,  Kintner,  Paul  and  Van  Dyck. 

Sub-committee  IV,  Mtteoroh^cal  and  other  Registers,  Prof,  Hanington, 
Chairman  ;  Messrs.  Allen,  Draper,  H^ap,  Paul  and  Waldo. 

(2.)  It  was  voted  that,  in  the  reports  of  examination  of  exhibits  submitied 
to  this  Section,  there  be  no  direct  comparison  of  the  exhibits  to  the  detriment 
of  one  and  praise  of  another,  but  that  all  reports  be  analytical  and  descrip- 
tive in  their  nature,  and  point  out  the  ascertained  efficiency  or  inefficiency  of 
the  apparatus  examined. 

(3.)  It  was  voted  that  all  the  reports  of  sub -committees  should  be  signed 
by  the  examining  officers  and  sabmitted  to  the  whole  section  for  discussion, 
modification  and  approval, 

(4.}  Prof.  Waldo  was,  at  hb  own  request,  excused  from  reporting  on  the 
exhibit  of  the  Time  Telegraph  Company. 

M.  W.  HARRINGTON, 
Secretary  of  Ex.  Com.  of  Sec.  XXII. 
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REPORT  OF  SUB-COMMITTEK  on  RAILWAY  SIGNALS. 

Three  systems  of  signals  were  entered  for  examination,  viz  : 

(I.)  The  system  of  the  Union  Switch  and  Signal  Company,  ot 
Pittsburgh,  Pa. 

(2.)  The  Hall  System,  exhibited  by  the  Wharton  Switch  and 
Signal  Company. 

(3.)  The  Putnam  System  of  Audible  Signals,  exhibited  by  the 
Railway  Cab  Electric  Signal  Company. 

The  examination  of  these  systems  will  proceed  in  the  following 
order : 

(a.)  Statement  of  the  fundamental  principles  employed. 

(6.)  Statement  of  the  results  claimed  to  be  accomplished. 

(c.)  Description  of  the  methods  and  mechanical  devices  em- 
ployed. 

(d.)  An  examination  of  the  performance  of  the  system  in  the 
experience  of  the  railroads  upon  which  it  is  in  operation. 

THE  UNION  SWITCH  AND  SIGNAL  COMPANY. 
(a)  The  fundamental  principle  upon  which  this  system  rests  is  a 
dosed  raU  circuit  for  a  distance  determined  by  the  relation  between 
the  intensity  of  the  current  developed  by  the  battery  and  the  dis- 
tance at  which  the  greatest  efficiency  is  maintained.  From  expe- 
rience, it  has  been  found  that  this  distance  is  from  one  to  two 
miles. 

(^.)  It  is  claimed  for  this  system : 

(I.)  That  the  condition  of  the  track  in  a  given  section  is  shown, 
mthout  chance  of  failure,  indicating  also  whether  it  is  occupied  by 
a  full  train,  or  any  part  of  a  train.  Any  interruption  of  the  con- 
stant current  supplied  from  a  battery,  at  one  end  of  a  section  and 
a  signal  magnet  at  the  other  end,  displays  a  danger  signal.  These 
signals  will  be  shown 

(a.)  When  a  train  on  entering  a  section  making  a  metallic 
connection  between  the  rails  through  the  wheel  and  axle  demag- 
netizes or  shunts  the  signal  magnet. 

(^.)  When  there  is  a  broken  rail  or  a  misplaced  switch  in  the  sec- 
tion, and  when  there  is  a  train  on  a  side  switch  not  clear  of  the  fouling 
point  on  the  main  line,  without  regard  to  the  position  of  the  switch. 


The  mechanism  employed  in  the  interlocking  and  block  signa!- 
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The  mechanism  employed  in  the  interlocking  and  block  signal- 
ing systems  of  signals  exhibited  by  this  company  are  described  as 
follows : 

INTERLOCKING    AND    BLOCK    SIGNALING. 

The  accidents  that  arc  constantly  occurring,  at  grade  crossing 
junctions,  draw-bridges,  and  wliere  ther'  are  numerous  switches, 
have  rendered  the  use  of  some  system  of  appliances  for  the  preven- 
tion of  such  accidents  absolutely  necessary. 

A  number  of  railways  are  now  giving  attention  to  this  subject 
and  are  introducing  what  is  known  technically,  as  "  Interlocking" 
and  "  Block  Signaling  Apparatus,"  for  the  prevention  of  accidents. 

INTERLOCKING    APPARATUS. 

"  Interlocking  Apparatus  "  is  the  term  applied  to  devices  used 
for  the  movement,  from  a  common  point,  by  a  single  operator,  of  a 
number  of  switches  and  signals  in  safe  order,  so  that  trains  may  be 
allowed  to  proceed  without  danger,  after  having  received  a  safety 
signal. 

The  best  form  of  apparatus  kno^vn  up  to  the  present  time,  and 
which  has  been  worked  to  very  great  perfection  in  England  and 
this  country,  is  the  Saxby  Si  Farmer.     ■ 

Where  such  apparatus  is  used,  each  switch  and  signal  is  pro- 
vided with  a  moving  mechanism,  the  operation  of  which  is  gov- 
erned by  the  operator,  through  suitable  connections,  from  a  com- 
mon point,  usually  termed  a  "Signal  Cabin,  or  Tower." 

The  cut,  Fig.  i,  shows  an  arrangement  of  switches  and  signals 
where  interlocking  apparatus  is  used  to  advantage,  there  being 
twelve  switches  and  thirty-one  signals,  which  have  to  be  moved 
in  a  certain  predetermined  order. 

The  connections  (of  rods  or  wires)  From  the  switches  and  signals 
are  attached  to  a  system  of  levers  arranged  in  a  frame-work,  as 
shownby  Fig.  s. 

This  frame-work  is  located  in  the  tower  and  the  levers  are  pro- 
vided with  interlocking  apparatus,  so  arranged,  that  the  switches 
and  signals  can  be  moved  only  in  a  safe  order ;  that  is,  the  required 
switches  must  first  be  set  and  locked  in  their  proper  positions  for 
the  train  movement,  which  is  about  to  be  performed,  before  the 
signals  can  be  given  to  allow  the  train  to  proceed ;  and  the  clear- 
ing of  such  signals,  by  the  movement  of  their  proper  levers,  locks 


the  apparatus  so  that  the  switches  c.innot  again  be  moved  until  the 
signals  have  been  restored  to  the  '■  danger  "  position. 

The  interlocking  devices  on  the  macliine  have  been  worked  to 
such  perfection  that  any  required  combination  of  switches  and  sig- 
nals (for  one  or  more  trains  at  the  same  time)  can  be  made,  while 
the  levers  governing  conflicting  movements  are  absolutely  locked. 

This  interlocking  apparatus  is  also  so  constructed  that  even 
where  several  switches  and  signals  are  to  be  moved  for  one  train 
operation,  the  movement  of  tliese  switches  and  signals  in  a  proper 
order  is  regulated,  and  this  order  may  be  in  accordance  with  the 
rules  of  any  railroad. 


Fio.  2. 

The  constant  use  of  interlocking  apparatus,  such  as  the  Saxby 
&  Farmer,  and  kindred  appliances,  has  led  to  great  perfection  in 
every  detail ;  such  as  tlie  proper  arrangement  and  construction  of 
the  connections  from  the  "  tower  "  to  each  switch  and  signal,  the 
devices  for  compensating  for  tlie  expansion  and  contraction  of 
such  connections,  and  the  locking  devices  for  the  switches,  as  well 
as  the  interlocking  apparatus  on  the  machine  in  the  tower. 

From  the  foregoing  brief  statement,  it  will  be  seen  that  the 
clearing  of  signals  for  a  train  to  proceed  locks  the  switches  over 


which  the  train  is  to  pass;  and  it  necessarily  follows  that  restoring 
these  signals  to  "danger"  will  unlock  at  least  one  of  the  switches  in 
the  combination,  the  movement  of  which  in  turn  will  unlock  the 
next  switch,  and  so  on. 

In  order  to  prevent  the  movement  of  switches  under  passing 
trains,  "detector  bars"  are  arranged  in  connection  with  the  switch 
locking  apparatus,  in  such  a  manner,  that  the  unlocking  of  the 
switch  cannot  take  place  so  long  as  the  train  is  passing  such  bar. 
This  "  detector  bar  "  is  a  piece  of  iron  about  forty-five  feet  in  length, 
or  of  a  length  greater  than  the  distance  between  the  trucks  of  a 
car,  and  is  hinged  along  the  rail  and  connected  to  the  lock  of  the 
switch. 

The  use  of  the  detector  bars  became  necessary  in  connection 
with  switches,  because  of  the  liability  of  operators  to  move  switches 
before  the  last  car  of  the  train  has  passed. 

"  Interlocking  Apparatus  "  of  the  kind  above  described  is  that 
now  commonly  used  on  all  the  English  railways. 

But  with  all  such  appliances  there  has,  however,  been  lacking 
some  device,  out  of  the  control  of  the  operator,  which  would  pre- 
vent him,  if  confused  or  not  being  able  to  see  clearly,  from  giving 
safety  signals  when  the  track  on  which  the  train  is  to  pass  is  occu- 
pied, or  obstructed  by  another  train  or  car  standing  upon  a  siding 
in  such  a  position  as  to  cause  a  collision. 

ELECTRIC    LOCKING   OP    THE   INTERLOCKING    APPARATUS. 

The  Union  Switch  and  Signal  Company  are  attaching,  in  con- 
nection with  the  various  interlocking  apparatus,  which  they  are 
manufacturing,  automatic  electric  appliances,  which  absolutely 
prevent  an  operator  from  making  a  mistake ;  and  the  system  by 
which  this  is  accomplished  is  known  as  the  "  Electric  Locking  of 
the  Interlocking  Apparatus." 

This  Electric  Locking  Apparatus  has  now  been  used  a  sufficient 
length  of  time  to  show  that  it  is  an  absolute  safeguard  against 
mistakes  on  the  part  of  the  operator  ;  and  the  claim  is  made  by 
those  who  have  had  experience  with  interlocking,  with  and  without 
it,  that  interlocking  apparatus  may  be  a  source  of  great  danger, 
unless  provided  with  this  additional  safeguard,  inasmuch  as  in  the 
one  case,  an  operator  may,  without  design,  cause  a  serious  acci- 


dent,  while  with  the  electric  locking  he  is  powerless  to  give  clear 
signals,  except  when  the  track  is  absolutely  clear. 

The  perfect  electric  locking,  as  above  described,  depends  upon 
the  use  of  what  is  termed  the  "track  circuit  system."  In  this 
system,  the  rails  of  the  track  are  utilized  as  electric  conductors,  in 
such  a  manner  that,  if  any  portion  of  the  track  or  sidings  to  be 
guarded,  is  occupied  by  even  a  pair  of  wheels,  the  interlocking 
apparatus  in  the  tower  is  automatically  locked  and  kept  locked 
until  the  electric  current  is  restored  to  its  normal  channels  by  the 
removal  of  the  obstruction. 

The  system  of  interlocking  has  grown,  step  by  step,  from  the 
movement  of  one  switch  and  its  signal,  to  the  movement  of  a 
number  of  switches  and  signals  in  complicated  yards. 

The  various  additions  to  the  system,  made  as  a  result  of  expe- 
rience, have  led  to  a  development  of  "  the  art,"  and  have  shown  to 
those  who  have  followed  their  introduction  the  various  safeguards 
that  have  been  needed  to  render  the  ^stem  absolutely  safe. 

The  enormous  number  of  patents  taken  out  for  interlocking 
apparatus  shows  that  the  subject  has  been  studied  in  all  its  phases, 
but  until  the  present  time  (with  the  exception  of  the  hydraulic 
apparatus)  the  interlocking  has  remained  of  what  might  be  termed 
the  mechanical  form ;  that  is,  an  arrangement  of  levers,  rods  and 
wires  moved  by  hand,  as  hereinbefore  described. 

The  hydraulic  system  has  received  great  attention,  and  has  been 
perfected  in  all  its  details,  so  as  to  accomplish,  by  means  of 
hydraulic  pressure,  what  has  been  accomplished  by  the  mechanical. 

The  complicated  system  of  switches  at  East  St.  Louis,  with  the 
necessary  signals,  is  operated  by  the  hydraulic  system,  eighty-lour 
levers  arranged  in  a  tower  being  capable  of  moving  as  many 
switches  and  signals  as  could  be  moved  by  200  Saxby  &  Farmer 
levers. 

Within  the  last  two  years  several  of  the  leading  railroads  of  the 
country  have  put  in  appliances  for  operating  switches  and  signals, 
known  as  the  Westinghouse  Pneumitic  Interlocking  Switch  and 
Signal  System.  In  this  system,  the  experience  gained  in  the  use  of 
compressed  air  for  automatic  railway  brakes  has  been  taken  advan- 
tage of,  and  the  working  of  this  new  system  will  be  watched  with 
great  interest,  because  of  the  many  advantages  which  it  will 
possess  over  any  other  known  form  of  interlocking.    In  this  system, 


compressed  air  furnishes  the  motive-power  for  operating  the 
switches,  signals  and  locks,  and  electricity  is  used  for  the  purpose 
of  locking  or  unlocking  the  apparatus  moved  by  the  operator,  and 
also  for  bringing  the  compressed  air  into  use  for  the  operation  of 
signals. 

By  the  use  of  electricity,  it  has  been  possible  to  provide  lock- 
ing apparatus,  in  connection  with  each  switch  and  combined  with 
the  macliine  in  the  tower,  for  preventing  the  complete  movement 
of  a  switch  lever  by  the  operator,  until  such  switch  has  not  only 
been  moved  to,  but  absolutely  locked  in,  its  proper  place  It  has 
also  been  possible  to  prevent  the  clearing  of  signals  until  the 
switches  have  been  moved  and  locked  in  their  proper  positions,  for 
the  clearing  of  the  signal  is  made  dependent  upon  the  locking  bolt 
being  moved  entirely  to  its  seat.  Also,  in  this  new  system,  the 
clearing  of  the  signals  automatically  locks  the  levers  in  the  tower, 
and  holds  them  locked,  until  the  required  train  movement  has  been 
performed,  and  until  the  signals  have  been  restored  to  their  danger 
positions ;  the  unlocking  depending,  not  upon  the  movement  of  the 
lever  in  the  tower  for  putting  the  signal  to  "danger,"  but  upon  the 
signal  itself  assuming  its  "  normal,"  or  danger  position. 

To  this  apparatus  there  is  applied  the  "track. circuit  system" 
of  locking,  whereby  the  operator  is  prevented  from  making  con- 
flicting train  movements,  or  giving  "clear"  signals,  or  moving 
switches,  unless  the  track  over  which  the  train  is  to  pass  is  dear. 

By  the  use  of  compressed  air  as  a  motive-power,  the  labor 
attending  the  operation  of  switches  and  signals  is  reduced  to  the 
simple  movement  of  miniature  levers.  The  mechanism  in  the 
tower,  for  the  operation  of  a  large  number  of  switches,  is  brought 
into  a  very  small  space,  while  the  movement  of  switches  and  signals 
is  rendered  possible  at  distances  which  could  not  be  attempted, 
were  their  operation  to  depend  upon  the  movement  of  long  rods 
or  wire  connections. 

By  the  use  of  this  system,  the  connections  for  the  transmission 
of  the  power  (being  pipes  and  insulated  wires),  may  be  placed 
underground,  so  that  they  cannot  be  interfered  with ;  but  whether 
buried  or  not,  they  are  unafifected  in  operation  by  extreme  changes 
of  temperature. 

The  machine  in  the  tower,  for  moving  the  switches  and  signals 
in  a  prescribed  order,  is  so  constructed  that  changes  in  combi- 


nation  are  easily  effected,  and  a  machine  can  be  put  in  the  tower 
which  will  be  large  enough  for  any  possible  addition  to  the  number 
of  switches  and  signals  to  be  operated,  without  materially  increasing 
the  first  cost  of  the  apparatus;  and  the  position  of  switches  and 
signals  can  be  changed  with  little  expense,  as  compared  with  that 
necessary  where  the  mechanical  systems  are  used. 

BLOCK  SIGNALING. 

"  Block  signals  "  is  the  term  applied  to  a  system  of  signals,  the 
use  of  which  is  to  prevent  two  trains  from  being  upon  a  certain 
section  of  railroad  at  the  same  time. 

These  signals  are  moved  by  hand,  by  operators  placed  in  suit- 
able towers,  and  these  operators  are  supposed  not  to  give  a  "clear" 
signal  for  a  train  to  proceed  on  a  section  until  the  train  that  has- 
been  admitted  has  passed  beyond  the  next  succeeding  station,  and 
the  operator  in  that  section  has  notified  the  first  operator,  by  tele- 
graph, that  the  section  is  clear. 

This  system  is  in  general  use  on  all  the  railways  in  Great 
Britain  and  many  other  European  railways,  and  has  been  adopted 
to  a  limited  exteot  on  some  of  the  leading  railways  of  the  United 
States. 

The  use  of  this  system,  however,  has  shown  that  it  is  imperfect,, 
inasmuch  as  one  operator  can  give  misleading  signals  and  thereby 
cause  serious  accidents. 

To  prevent  mistakes  on  the  part  of  the  operators,  a  system 
known  as  the  Sykes  has  been  perfected. 

THE  SYKES  SYSTEM  OF  LOCK  AND  BLOCK  SIGNALING 

The  three  cuts,  j,  4  and  ^,  with  the  following  description,  will 
illustrate  the  working  of  this  system.  I-^ch  of  the  three  cuts- 
relate  to  the  same  three  signals,  as  will  presently  be  explained 

The  railroad  is  supposed  to  be  divided  into  sections,  at  the 
beginning  of  these  sections,  as  at  A,  B  and  C,  is  arranged  a  signal 
post  having  semaphore  arm  6",  llie  normal  position  of  which  is  as 
shown  in  Fig.  j,  indicating  '•  danger,"  or  "  stop,"  to  a  train. 

Adjacent  to  each  of  these  signal  posts  is  a  tower,  not  shown  on 
the  illustration,  in  which  there  is  located  a  lever  E,  having  a  suit- 
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able  connection  leading  to  the  signal  post,  whereby  the  semaphore 
arm  5  is  operated.  This  lever  E,  carries  with  it  a  sliding  bar  F, 
having  a  locking  device,  indicated  by  (7,  capable  of  locking  the 
lever  E  into  either  of  two  positions.  In  the  tower  is  located  a  box 
a,  having  suitable  electric  and  mechanical  connections  for  operating 
two  indicators,  R  and  R,  which  are  displayed  through  suitable 
openings  cut  in  the  face  of  the  box. 

In  addition  to  the  indicators  in  the  box,  is  a  small  semaphore 
indicator  D,  placed  on  top  of  the  box  for  indicating  to  the  operator 
the  position  of  the  next  signal  arms  S  ahead.  This  has  suitable 
electric  cotinections  for  its  operation 

The  indicator  R  reads  either  "clear"  or  "blocked,"  and  refers 
to  the  condition  of  the  section  of  track  in  the  rear. 

The  indicator  R  is  connected  with  the  lock  G  in  such  a  manner 
that  when  it  reads  "  clear  "  the  lock  G  is  lifted,  and  the  lever  E  ts 
free  to  be  moved  by  the  operator,  but  when  it  reads  "  blocked," 
the  lever  E  is  locked. 

The  normal  position  of  all  the  semaphore  arms  5  is  "  danger;" 
all  the  levers  E  are  "  home  "  and  unlocked ;  all  the  indicators  R 
read  "  clear ;  "  all  the  indicators  R'  read  "  train  on ; "  and  all  the 
indicators  D  have  their  arms  up  at  right  angles,  as  shown  at 
Station  B,  in  Fig.  j.  A  train  at  A  being  ready  to  start,  the  lever  E 
is  pulled  over,  thus  dropping  the  semaphore  S,  after  which  the 
train  may  start. 

The  indicator  RaXA  now  reads  "  blocked,"  the  indicator  R', 
"  train  on,"  and  the  lever  E  is  automatically  locked.  When  the 
train  passes  the  track  treadle  T,  the  lever  at  A  is  unlocked,  and 
may  now  be  returned  "  home  "  by  the  signal  man,  when  it  will 
again  be  automatically  locked.  The  parts  are  now  in  the  positions 
shown  in  stations  A,  B  and  C,  in  Fig.  j.  When  ihe  train 
approaches  Station  B,  the  signal  man  there  (having  previously 
been  notified  by  telegraph  of  the  approach  of  a  train)  pulls  iwer 
his  lever  E,  and  drops  his  semaphore  S,  that  the  train  may  pass. 
This  motion  changes  his  indicators  in  the  same  manner  as  at  A, 
and  locks  his  lever  E  in  its  "  clear  "  position.  The  parts  are  now 
as  shown  at  stations  A,  B  and  C,  in  Fig.  ^.  Meanwhile  the  lever 
at  A  remains  locked ;  and  to  unlock  it,  the  operator  at  B  must 
press  in  the  knot  or  plunger  indicated  at  M,  which  is  arran<::ed  on 
the  front  of  his  indicator  case ;  but  this  he  cannot  do   until  his 


lever  lias  been  unlocked  and  returned  to  its  "  home  "  or  normal 
position.  When  the  train  passes  the  treadle  T,  of  block  B,  the 
indicator  R  shifts  to  "clear,"  and  the  lever  E  is  unlocked,  and 
then  may  be  returned  "  home."  This  act  sets  the  indicator  V?  to 
"  blocked  "  again,  locks  the  lever  B,  and  sets  the  indicator  R'  to 
"train  passed;"  it  also  sends  an  electric  current  through  the 
indicator  D,  at  station  A,  in  such  a  manner  that  its  arm  drops  to 
indicate  that  the  section  between  A  and  B  is  "  clear."  The  parts 
are  now  as  shown  at  station  A,  B  and  6",  in  Fig.  §.  The  operator 
at  B  may  now  unlock  A'a  lever  for  another  train ;  this  he  docs  by 
pressing  in  the  plunger  M,  which  sends  an  electric  current  to 
block  A,  unlocks  the  lever  E,  shifts  the  indicator  R  at  station  A  to 
"clear,"  and  causes  the  arm  of  indicator  D  at  B  to  fall  "clear." 
When  B  presses  the  plunger  MAad  it  springs  back,  his  indicator 
R'  shifts  to  "  train  on  "  (meaning  that  the  section  from  .^  to  ^  is 
in  condition  to  receive  a  train),  and  it  is  then  locked,  so  that  the 
plunger  cannot  be  worked  again  until  the  lever  £  iias  been  pulled 
over  and  returned ;  and  the  lev^r  £  remains  locked  until  the 
train  has  passed  the  treadle  7at  station  Cand  the  operator  has 
pressed  his  plunger  M. 

Should  another  train  approach  B  from  A  before  the  operator 
at  ^has  thus  unlocked  the  lever  £  a.t  B,  the  semaphore  .^at  B 
cannot  be  lowered  (even  should  he  attempt  to  do  so),  and  the 
train  must  stop  until  the  lever  is  unlocked  by  the  operator  at  C. 
Thus,  it  is  evident  that  it  is  not  possible  for  one  train  to  approach 
nearer  to  another  than  the  distance  between  two  signal  stations. 

It  will  be  seen  that  in  this  system  is  an  absolute  safeguard 
against  operators  giving  wrong  or  misleading  signals,  and  accidents 
will  be  prevented,  unless  the  trainmen  wilfully  disobey  the  signals 
which  are  displayed  for  their  protection. 

AUTOMATIC   BLOCK  SIGNALS. 

It  often  happens  that  trains  are  required  to  run  much  closer 
together  than  the  distance  between  the  telegraph  stations  on 
railroads,  and  in  such  cases  it  is  important  to  establish  an  automatic 
system  of  block  signals,  which  will  provide  for  shorter  blocks  and 
prevent  two  trains  from  being  on  the  same  block  at  the  same  time. 

Automatic  signals  of  this  kind  have  been  experimented  with 
and  tried  by  a  number  of  the  leading  railways  in  the  States. 
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"The  Rail  Circuit  System"  seems  to  be  the  only  automatic 
system  that  fully  meets  all  of  the  requirements. 

In  this  system,  the  line  of  track  is  divided  into  block  sections, 
of  a  mile  or  less  in  length,  and  the  rails  of  each  of  these  sections 
are  prevented  from  electrically  joining  the  rails  of  the  next  sectioa 
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by  the  use  of  non-conducting  material,  suitably  placed  at  the  junc- 
tion of  the  two  sections.  The  rails  of  each  block  section  are  elec- 
trically joined  one  with  the  other,  by  means  of  wires,  which  are 
attached  to  rivets  and  driven  into  the  flanges  of  the  raits,  near  their 
ends.    Referring  to  Fig.  6,  the  two  broad  lines  represent  the  lines 
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or  rail  (of  one  track  of  a  double  track  road).  The  track  insulations 
between  this  and  the  adjacent  sections  are  indicated  by  a.  The 
battery  B,  has  one  pole  connected  by  wire  d  to  one  rail  and  its 
opposite  pole  by  wire  *'  connected  to  the  other  rail.  At  the 
beginning  of  the  section  is  arranged  an  electro-magnet  C,  having 
one  wire  c  connected  to  one  rail  and  its  second  wire  c"  connected  to 
the  opposite  rail;  thus  establishing  an  electric  circuit  from  the 
battery,  through  wire  ^,  through  one  rail,  through  wire  c,  through 
magnet  C  and  the  wire  c'  to  the  other  rail,  and  then  by  wire  d  to 
the  battery. 

This  electric  circuit  is  known  as  a  constantly  closed  circuit,  and 


Fig.  7.  "  C  ■■  Signal  Open.  Fig.  8.  "  C  "  Signal  Closed, 

unless  the  electric  current  is  interrupted,  the  armature  of  the 
magnet  ^Tis  held  to  its  seat,  and  establishes  a  second  electric  circuit 
through  the  magnet  of  the  signal  mechanism  £>,  from  the  battery  rf 
by  wires  £■  andy^  If  the  current  through  magnet  C  is  interrupted, 
the  armature  of  the  magnet  C  is  drawn  from  its  seat  by  a  spring, 
or  is  arranged  to  fall  from  its  seat  by  gravity,  in  such  a  manner 
as  to  interrupt  the  circuit  from  the  batter>'rf,  causing  the  signal  D 
to  turn  to  the  position  indicating  "danger,"  restoring  the  circuit 
from  the  battery  d,  restores  the  signal  Z>  to  its  safety  position. 

Figs.  7  and  <?  show  the  form  of  signal  V.    The  electric  mechanism 
is  contained  in  l!:€  box  at  the  lower  part,  which  causes  a  disk  to 
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be  turned,  in  Fig.  8,  to  indicate  "  danger  "  and  as  shown  in  Fig.  7 
to  indicate  "  clear." 

The  clock  work  and  ttie  weight  furnishes  the  motive-power  for 
turning  the  signal,  and  the  electric  current,  through  the  magnet  of 
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X),  releases  the  proper  mechanism  for  the  operation  of  the  signal. 
So  long  as  the  current  passes  through  the  magnet  at  D,  the  signal 
will  stand  to  "clear,"  as  in  Fig.  7 ;  any  interruption  of  the  current 
will  cause  the  mechanism  in  the  box  to  so  operate  as  to  turn  the 
signal  into  position  shown  in  Fig.  8,  to  indicate  "  danger." 
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From  this  description,  it  will  readily  be  seen  that  if  a  wire  from 
the  battery  B  to  the  rail  be  broken,  or  if  a  rail  be  removed  or 
broken,  so  as  to  interrupt  the  electric  current,  the  signal  D  will 
instantly  turn  to  "  danger." 

Similarly  the  signal  is  turned  to  danger  by  a  pair  of  wheels  joining 
the  two  rails  of  the  section,  for  a  pair  of  wheels  and  its  axle  has 
the  effect  of  forming  a  "  short  circuit,"  so  that  the  electricity,  instead 
of  passing  from  the  battery  B  through  the  magnet  C,  passes  to 
the  wheel  on  one  side,  through  the  axle  and  wheel  to  the  other  rail 
back  to  the  battery,  which  has  the  effect  of  releasing  the  armature 
of  the  magnet  C,  thereby  turning  the  signal  D  to  danger,  the  same 
as  if  a  rail  had  been  removed  or  broken. 

fig.  p  shows  an  arrangement  of  signals  on  a  section,  having  a 
switch  or  branch.  Part  of  the  siding  E  is  insulated  at  a',  the  same 
as  the  main  track.  The  rails  of  the  main  section  A'  and  the  branch 
£  are  joined  by  wires  e,  e",  in  such  a  manner  that  a  pair  of  wheels 
entering  upon  the  branch  £  has  the  same  effect  as  entering  upon 
the  main  line;  that  is,  to  "short  circuit"  the  current  from 
the  battery  S,  in  suchamannerasto  turn  the  signal  i?  to  "danger." 
The  insulations  a"  in  the  branch  E  are  placed  at  a  point  a  sufficient 
distance  from  the  main  track  to  insure  a  "danger"  signal  being 
given  if  a  car  or  an  engine  stands  too  close  to  the  main  line  upon 
the  siding. 

These  two  cuts  and  the  description  illustrate .  the  principle  of 
operation  of  the  constantly  closed  "  rail  circuit  system  "  of  block 
signals. 

fig-.  10,  shows  three  such  signals,  wi^  each  signal,  D,  Ifi  and 
U*,  placed  a  sufficient  distance  from  the  beginning  of  each  section 
to  enable  a  train  to  stop,  after  having  discovered  the  signal 'at 
danger  before  it  arrives  at  the  beginning  of  the  section. 

This  rail  circuit  system  has  been  used  in  connection  with  an 
infinite  variety  of  electric  signals;  that  is,  the  local  circuit  with  its 
battery  d,  has  been  used  for  turning  single  signals,  double  signals, 
signals  for  the  protection  of  single  tracks,  for  locking  the  levers  of 
interlocking  apparatus,  locking  draw-bridges,  locking  switches, 
moving  automatic  signals,  ringing  of  belts  for  highway  crossings, 
alarm  bells  for  depots  to  announce  the  approach  of  trains,  etc,  etc 

The  essential  and  important  feature  of  this  system  is  that  the 
^lure  of  the  battery,  or  wire,  or  any  interruption  whatever  of  the 
current  instantly  causes  the  signals  to  be  turned  to  danger. 
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Several  of  the  important  roads  of  the  country  have  applied  this 
automatic  rail  circuit  in  connection  with  semaphore  signals,  having 
laid  a  compressed  air  main  along  the  track  where  the  block  signals 
are  to  be  operated,  the  compressed  air  furnishing  the  motive-power 
for  the  operation  of  the  semaphores.  Two  signals  are  arranged  for 
each  section,  one  -'home"  and  one  "distant"  signal. 


Figs.  II,  12  and  ij,  illustrate  the  arrangement  of  signals. 
In  Fig.  II,  a  train  is  supposed  to  be  on  section  A,  and  the  two 
semaphore  signals  R  and  G  stand  to  indicate  "  danger." 

In  Fig.  13,  a  train  is  supposed  to  have  reached  and  passed  on  to 


section  A^,  turning  the  signals  R*  and  G^  to  "  danger,"  and  at  the 
same  time  turning  signal  R  to  "  clear,"  leaving  G  at  "  danger,"  to 
indicate  to  an  approaching  train  that  the  next  section  ahead  is  occu- 
pied by  a  train, 

Fig.  rj  shows  a  train  on  section  A*.  Signals  R  and  R*  and  C 
are  "clear,"  £7'  remaining  at  "danger,"  to  caution  the  engineer  of 
the  approaching  train  on  section  A'  that  section  A*  is  occupied. 

In  the  operation  of  these  signals,  if  the  en[>tneer  finds  both  sig- 
nals clear,  he  can  proceed  at  his  usual  rate  of  speed.  If  he  finds 
G,  G^  or  G^  at  "  danger,"  he  must  be  prepared  to  stop  before 
arriving  at  the  next  signal  post  ahead,  and  he  must  not  pass  the 
next  signal  post  ahead  until  one  or  both  signals  are  clear.  If  one 
only  is  cleared,  he  must  still  proceed  with  caution  and  be  prepared 
to  stop  before  arriving  at  the  next  signal,  in  the  event  of  both 
being  at  "danger." 

METHOD   OF   CONTROLLING    A    HIGHWAV    CROSSING    BELL    ON    A    SINGLE 
TRACK  RAILROAD.      SCOTT's  PATENT. 

Figs.  14.,  t^,  16,  17  and  18  show  the  arrangement  for  giving  an 
audible  alarm  of  the  approach  of  a  train,  at  a  highway  crossing  or 
other  point  on  a  single  track  railroad. 

Fig.  14.  shows  the  crossing  A,  and  insulated  sections  R}  and  R*, 
with  the  relay  magnets  c,  d,  connected  to  them,  and  the  batleTies 
a,  a>,  for  feeding  the  same,  placed  at  the  end  of  the  sections 
farthest  from  the  crossing. 

Fig.  1$  shows  the  relay  on  an  enlarged  scale, and  also  the  man- 
ner of  connecting  the  local  circuit  with  the  continuous  ringing 
belW. 

On  a  train  approaching  the  crossing  from  the  right,  as  indi- 
cated by  the  arrow  w,  the  battery  a' will  be  short  circuited  from 
magnet  d,  by  the  wheels  of  the  train  as  soon  as  they  have  passed 
the  insulations  r',  thereby  demagnetizing  magnet  d,  and  its  arma- 
ture lever  </',  will  assume  the  position  shown  '\x\Fig.  /(S,  closing  the 
circuit  of  battery  a'  upon  belt  v,  causing  it  to  ring. 

When  the  first  wheels  of  the  train  have  passed  the  insulations 
r,  battery  a,  is  short  circuited,  demagnetizing  magnet  c,  and  its 
armature  lever  c'  will  assume  the  position  shown  in  Fig.  ly. 

When  all  the  wheels  have  passed  off  of  section  R^,  battery  a' 
will  be  restored  to  mj^net  d,  magnetizing  it  and  causing  it  to 
attract  its  armature. 


Armature  lever  (f ,  will  then  be  in  the  position  shown  in  Fig.  i8, 
and  the  bell  circuit  will  be  broken  as  shown  at  j',  and  the  bell  will 
cease  to  ring. 
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The  train  passing  from  the  insulated  section  H*,  battery  a,  is 
restored  to  magnet  <;,  and  the  apparatus  resumes  the  position 
shown  in  Fig.  ij. 

Should  a  train  follow  the  first  train,  and  pass  insulations  at 
battery  a',  before  the  first  train  has  passed  battery  a,  the  magnet 
d,  will  again  be  demagnetized,  and  the  bell  circuit  closed  as  shown 
in  Ftff.  I  J. 

If  a  train  approaches  the  crossing  from  the  left,  as  indicated  by 
the  arrow  vf ,  exactly  the  same  operations  will  take  place,  but  in 
reverse  order. 


The  hall  SYSTEM. 

FUNDAMENTAL   PRmClPLES    INVOLVED, 

(I.)  Automatic  opening  of  an  electric  circuit,  which  holds  a 
given  signal  at  "  safety  "  by  the  action  of  a  passing  train,  the  wheels 
of  which  operate  a  lever  placed  at  right  angles  to  the  track.  This 
lever  raises  a  vertical  spindle  and  thereby  breaks  the  circuit  in  the 
track  machine. 

(2  )  A  gravity  movement  of  a  danger  signal,  when  the  circuit  is 
broken. 

(3.)  The  introduction  of  a  relay  into  the  circuit,  by  which  the 
action  of  gravity  will  display  a  danger  signal  when  the  wires  are 
either  crossed  or  grounded. 

(4.)  The  introduction  of  an  interlocking  device,  by  which  a 
danger  signal  can  only  be  set  at  "  safety  "  by  setting  the  next  suc- 
ceeding signal  at  "  danger." 

(;.)  The  introduction  of  a  general  interlocking  system,  by 
which  an  operator  at  a  crossing  station  has  the  power  to  clear  a 
given  signal  and  at  the  same  time  loses  the  power  to  control  all 
conflicting  signals. 

(6.)  The  introduction  of  suitable  mechanism,  by  which  a  station 
agent  has  control  over  all  signals. 

(7.)  The  introduction  of  a  suitable  mechanism,  by  which  the 
movement  of  a  switch  controls  the  movement  of  a  signal. 

(8.)  The  introduction  of  suitable  mechanism,  by  which  notifica- 
tion of  the  approaching  trains  may  be  given  to  station  agents,  to 
gate  tenders,  or  tg  the  general  public 
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The  methods  by  which  the  objects  stated  above  are  accom- 
plished in  this  system,  and  the  mechanism  employed,  will  appear 
from  the  following  description : 

Plate  I,  Figs,  i,  s,  j  and  ^  are  views  of  the  track  machine,  as 
placed  at  right  angles  to  the  track,  used  for  the  purpose  of  auto- 
matically opening  an  electric  circuit,  which  holds  a  given  signal  at 
"  safety ;  "  by  the  action  of  the  wheels  of  a  passing  train,  which 
operate  the  lever  at  a.  Fig.  i,  causing  a  vertical  piston,  shown  at 
b.  Fig.  z,  to  be  raised,  so  that  it  acts  upon  a  lever  c.  Figs,  j  and  ^, 
which  breaks  the  circuit  in  the  machine  at  d.  A  circuit  may  also 
be  closed  by  this  machine,  by  forming  the  circuit  closer,  as  at  e, 
Fig.  J,  so  that  when  the  piston  is  raised  by  the  lever,  the  circuit 
will  be  closed  at  e. 

Plate  II,  Fig.  i,  is  a  side  view,  and  Fig.  2,  a  front  view  of  the 
signal  instrument,  the  gravity  movement  of  which  produces  a 
danger  signal,  when  the  circuit  is  broken,  referring  to  the  drawing 
a,  is  an  electro-magnet  supported  axially  on  a  shaft  b ;  ^  is  a  signal 
disc,  supported  axial  ly  on  a  shaft  rf,  shuwn  at  Fig.  i;  the  two 
shafts  are  connected  by  means  of  a  rod  e,  and  chain  /,  the  chain 
passing  over  the  periphery  of  a  sector  of  a  circle,  which  forms  part 
of  the  disc,  as  shown  at  g.  The  weight  of  the  disc  maintains  the 
electro-magnet  at  an  angle,  as  shown  in  Fig.  2. 

The  armature  of  the  electro-magnet  at  h,  is  stationary ;  when 
a  current  of  electricity  is  passing  through  the  magnet,  it  is  attracted 
to  its  armature,  carrying  with  it  the  rod  e,  which  turns  the  disc  on 
its  axis  to  a  position  at  right  angles  to  its  normal  condition,  as 
shown  by  the  dotted  lines;  as  long  as  the  current  is  maintained 
through  the  magnet,  the  signal  will  occupy  this  position,  which 
indicates  safety.  When  no  current  is  passing  through  the  magnet, 
the  weight  of  the  signal  changes  its  position  to  the'one  indicating 
danger.  This  instrument  is  placed  in  a  case,  two  views  of  which 
are  shown  in  Plate  III,  Figs,  i  and  2. 

Plate  IV,  Fig.  i,  is  a  front,  and  Fig.  s,  a  side  view  of  the  douMe 
circuit  instrument,  which  is  introduced  into  the  circuit  for  the  pur- 
pose of  continuing  the  action  or  effect  produced  momentarily  in 
the  track  machine,  and  also  by  which  the  interlocking  arrangement 
is  accomplished  whereby  a  danger  signal  cannot  be  set  at  "  safety" 
unless  the  next  succeeding  signal  is  at  "  danger." 

In  the  drawings,  a  represents  a  circuit  closer,  which  is  closed  by 


the  attraction  of  the  armature  6,  to  its  magnet,  c;  when  this  cir- 
cuit has  been  closed  it  actuates  magnet  d,  causing  its  armature,  e,  to 
be  attracted,  the  act  of  which  locks  the  first  armature,  *,  thereby  hold- 
ing circuit  closed  at  a  ;  of  course,  if  the  circuit  actuating  magnet  d 
is  broken,  the  armature  b  will  be  unlocked,  and  the  circuit  will  be 
broken  at  a  ;  /  isi  circuit  closer  which  acts  directly  opposite  to 
a;  that  is,  the  closing  of  a,  by  means  of  armature  6  will  open  6 
and^  and  when  a  is  openi/will  be  closed. 

Plate  IV,  Figs,  j  and  ^,  are  front  and  side  views  of  the  relay 
instrument,  which  is  introduced  into  the  circuit,  and  by  means  of 
which  the  signal  will  show  danger  when  the  wires  are  either 
crossed  or  grounded  :  a  is  an  electro-magnet  and  its  armature,  &, 
is  mounted  upon  an  adjustable  spring,  c,  the  lower  end  of  which 
forms  a  circuit  closer;  when  the  current  is  passing  through  the 
magnet,  a,  a  secondary  circuit,  which  is  a  shunt  circuit,  causes  the 
main  circuit  to  be  shunted  from  the  signal  so  long  as  the  magnet 
is  active. 

P/at€  V,  Fig.  I,  is  a  front  view  of  the  interlocking  instrument, 
a,  a,  a,  a  and  6,  b,  b,  b  are  circuit  controlling  springs,  which  are 
operated  by  means  of  armature  c;  that  is,  when  armature  c  is 
attracted,  the  front  contact  springs  a,  a,  a,  a  are  closed  and  the 
back  contact  springs  b,  b,  b,  b  are  opened ;  when  the  armature  has 
been  so  attracted  it  is  locked  by  means  of  a  detent,  e,  on  armature 
^,and  must  so  remain  until  the  armature^  has  been  attracted.  This 
operation  of  course  will  withdraw  the  detent  and  cause  the  arma- 
ture, c,  to  return  to  its  normal  condition,  which  opens  the  front  and 
closes  the  back  contact  springs.  Any  desired  number  of  springs 
can  be  used,  as  the  case  requires. 

In  Plate  VI,  are  five  figures  representing  the  switch  machine, 
by  means  of  which  the  movement  of  the  switch  controls  the  signals. 
Fig.  /  is  a  side  view  of  the  machine  as  placed  at  right  angles  to 
the  track,  and  attached  to  the  switch  rail  as  shown  at  a.  The 
movement  of  the  switch  rail  from  the  main  line  of  track,  in  either 
direction,  would  cause  the  lever  b,  shown  in  Fig.  2.  to  swing  on  its 
fulcrum,  as  indicated  in  the  dotted  lines.  The  short  arm  of  the 
lever  carries  a  small  roller,  c,  which  runs  over  a  spring,  as  shown  in 
Figs.^,^,  and  6.  This  spring  has  indentations  so  formed  in  it,  that  it 
will  open  or  close  as  the  roller  passes  over  it,  according  to  the  form 
of  the  spring. 


3d  by  Google 


In  this  manner,  circuits  are  automatically  broken  or  closed  by 
the  movement  of  the  switch,  as  the  case  may  require.  In  IHg.  4, 
the  switch  being  on  the  main  line,  the  roller  would  stand  in  the 
centre  of  the  spring,  and  thereby  the  circuit  would  remain  closedi 
but  if  the  switch  was  moved  in  either  direction  the  spring  would 
open,  as  shown  at  d  and  e.  In  the  case  of  Fig.  5  it  is  the  reverse ; 
the  circuit  is  open  when  the  switch  is  on  the  main  line,  and  closed 
when  moved  in  cither  direction  from  the  main  line. 

By  referring  to  Plate  VIII,  Fig  2,  O  represents  a  board  upon 
which  is  placed  two  bells,  two  circuit  breaking  and  two  circuit 
closing  keys.  By  means  of  these  keys,  the  station  agent  may 
manipulate  the  signals  as  may  be  required.  The  operation  of  the 
bells  give  notification  of  the  condition  of  the  signals. 

For  the  purpose  of  giving  notifications  to  gatemen  at  crossings, 
and  to  the  public  waiting  at  stations,  of  the  approach  of  trains, 
striking  bells  are  used,  which  are  operated  automatically  by  the 
passage  of  the  train  at  a  given  point  distant  from  the  station  or 
crossing. 

At  highway  crossings,  where  no  gates  are  used,  a  large  vibra- 
ting bell,  shown  in  Fig.  i,  Plate  VII,  is  placed  in  a  case,  shown  in 
Plate  VII,  Figs.  2  and  j,  and  erected  at  the  crossing,  so  that  when 
the  train  is  approaching  and  when  within  one-half  mile,  more  or 
less,  from  the  crossing,  the  bell  is  automatically  put  in  operation  by 
the  train,  and  continues  to  nng  until  the  train  passes  the  crossing. 
The  remaining  three  plates  consist  of  diagrams  showing  the  appli- 
cation of  the  above  described  instruments.  The  general  operation 
of  the  block  signals  will  be  understood  by  the  explanation  of  Fig. 
I,  Plate  VIII.  .^,  .^  is  a  portion  of  track  upon  which  trains  run  in 
the  direction  indicated  by  the  arrow.  This  portion  of  track  is 
divided  into  three  sections,  each  of  which  is  protected  by  a  signal, 
as  shown  at  Nos.  i,  2  and  3  ;«,  a' ,  a"  are  double  circuit  instruments, 
b,  b',  b"  are  relay  instruments;  c,  c",  c"  are  track  instruments,  which 
are  placed  about  1,500  feet  beyond  the  signals.  The  conditions  of 
the  signals  when  no  trains  are  occupying  the  track,  are  at  safety ; 
they  are  maintained  in  this  condition,  as  will  be  seen  by  tracing  the 
circuit  of  No.  I  signal ;  commencing  at  battery  X,  the  circuit  runs 
by  wire  i,  through  magnet  d,  wire  2,  circuit  closer  e,  wire  3,  electro 
magnet  f,  wire  4,  circuit  breaker  g,  on  track  instrument  c,  wire  5, 
to  the   ground;  this  circuit  being  complete,  the   Signal  No.  i  will 


remain  at"  sarety."  The  same  circuit  exists  at  each  signal.  When 
the  train  passes  into  the  section  protected  by  the  signal,  and  oper- 
ates the  track  instrument  c,  it  will  momentarily  break  the  circuit 
above  traced,  and  the  signal  will  fall  by  gravitation  to  danger ;  at 
the  same  time  the  magnet  d  will  be  demagnetized,  and  its  armature 
will  release  the  armature  of  magnet  h,  causing  the  circuit  to  be 
permanently  broken  at  t.  This  circuit  can  only  be  restored  again 
by  magnet  h  ;  when  this  magnet  is  vitahzed,  it  will  again  close 
spring  e,  and  the  circuit  through  the  signal  will  be  complete,  so 
that  it  will  be  set  to  safety.  The  restoration  of  this  signal  takes 
place  after  the  train  has  passed  into  the  section  protected  by  Signal 
No.  2.  In  track  instrument  c.  is  a  circuit  breaker  and  a  circuit 
closer,  the  circuit  breaker  is  in  circuit  with  Signal  No.  2,  exactly  as 
described  in  No.  i.  The  circuit  closer  is  in  circuit  with  m^net  k, 
on  instrument  a;  it  also  includes  magnet  1,  in  relay  h.  By  tracing 
the  circuit,  we  find  it  runs  from  battery  x,  by  wire  z,  through  mag- 
net I,  wire  6,  magnet  h,  wire  7,  spring  k,  wire  8,  circuit  closer  /,  on 
track  instrument  c',  to  the  ground.  If  the  spring  k  is  closed,  the 
train  operating  track  instrument  (^  will  vitalize  magnet  h  and  t,  oa 
instrument  a  and  b,  which  will  restore  spring  e,  and  cause  Signal 
No.  I  to  be  set  at  safety.  So  long  as  the  train  is  operating  track 
instrument  c*.  the  circuit  will  be  maintained  so  that  t  will  shut  the 
circuit  from  the  signal,  as  follows  :  From  battery  x,  through  wire 
1,  magnet  d,  spring  e,  wire  9,  circuit  closer  m,  wire  10,  to  the 
ground.  After  the  last  wheels  of  the  train  have  left  the  track 
instrument,  the  shunt  circuit  will  be  opened  by  the  demagnetizing  of 
magnet  i,  and  the  signal  will  be  set  to  "  safety."  It  will  readily  be 
seen  that  it  is  impossible  to  set  Signal  No.  i  to  "  safety"  unless  Signal 
No.  2  is  at  "danger,"  because  so  long  as  Signal  No.  2  is  at  "safety,"  the 
back  contact  spring  k  will  be  open,  and  the  restoring  circuit  run- 
ning through  it  will  be  broken.  If,  from  any  cause,  the  wires 
should  become  crossed  or  grounded,  the  relay  magnet  would  be 
actuated,  shunting  the  circuit  from  the  signal. 

In  Fig.  2,  Plate  VIII,  is  a  station  block  application.  The  opera- 
tion of  which  wilt  be  understood  by  the  following  explanation.  A& 
a  train  approaches  the  station  towards  Signal  No.  i,  the  operation 
will  be  as  follows:  Upon  reaching  track  instrument  a,  it  will  close 
a  circuit  through  wire  No.  i,  bell  b,  to  batterj'  V,  thereby  operat- 
ing the  bell  (which  has  been  placed  on  the  side  of  the  station  for 
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the  purpose  of  giving  notification  to  passengers) ;  having  reached 
track  instrument  c,  it  breaks  the  signal  circuit,  which  runs  as  fol- 
lows: From  the  ground  through  the  magnet  of  Signal  No.  I,  wire 
2,  circuit  breaker  d,  wire  3  (which  passes  through  circuit  breaker 
on  switch  instrument  e),  wire  4,  circuit  breakeryon  station  agent's 
board  0,  wire  5,  wire  6,  front  contact  spring  g,  magnet  h,  wire  J, 
to  battery  W.  This  causes  the  signal  to  fall  to  "danger,"  and  the 
circuit  will  be  permanently  broken,  as  before  described.  The  act 
of  setting  the  signal  to  danger  causes  the  back  contact  spring  ( to 
close,  which  completes  a  circuit  from  battery  x,  through  wire  8, 
contact  spring  i,  wire  9,  and  small  bell,  on  station  agent's  board ; 
causing  the  bell  to  ring  as  long  as  the  signal  is  at  -danger,"  thus 
notifying  him  at  all  times  of  the  condition  of  the  signal.  The 
train,  on  passing  track  instrument  j,  completes  a  circuit  through 
wire  to,  relay  magnet  k,  wire  11,  magnet  /,  to  battery  W,  and 
thereby  restoring  the  signal  circuit. 

If  the  switch  be  misplaced,  the  signal  circuit  is  broken,  and 
cannot  be  restored  as  long  as  the  switch  remains  open ;  in  the 
same  manner,  the  station  agent  can  break  the  circuit  by  means  of 
his  key  /,  and  as  by  n  is  a  branch  from  the  restoring  circuit,  he 
can  restore  the  signal,  provided  the  circuit  has  not  been  broken  at 
any  other  point. 

On  the  other  side  of  the  station,  the  arrangements  of  signals, 
circuits,  etc.,  arc  similar  to  those  already  described,  with  the  ex- 
ception of  the  application  for  the  side  track,  used  for  the  purpose 
of  shunting  passenger  and  freight  trains,  which  accomplishes  the 
following  operation  :  After  a  freight  train  has  taken  the  siding  and 
returned  the  switch  p,  to  the  main  line,  it  closes  a  circuit,  by  means 
of  track  instrument  r,  which  restores  the  signal  to  safety;  as  the 
passenger  train  approaches  the  station,  it  will,  in  addition  to  ringing 
the  regular  bell  at  the  station,  operate  magnet  s,  in  instrument  D 
(as  the  circuit  runs  through  the  magnet  on  its  way  to  the  bell  ^), 
the  operation  of  this  magnet  will  close  spring  «,  which  completes 
the  circuit  to  small  bell  E  (placed  in  close  proximity  to  the  switch). 

This  being  an  interlocking  instrument,  the  spring  will  remain 
closed  and  the  bell  will  continue  to  ring  until  the  train  passes  track 
instrument  V,  when  it  restores  the  signal ;  the  restoring  circuit, 
running  through  magnet  w,  unlocks  the  spring  and  the  bell  circuit 
is  broken  ;  by  this  means  the  engineer  of  the  freight  train  knows 
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that  so  long  as  the  bell  continues  to  ring,  there  is  a  train  in  the 
section ;  when  the  freight  train  leaves  the  siding,  the  danger  signal 
is  set  by  the  opening  of  the  switch,  and  it  will  be  restored  upon 
the  train's  leaving  the  section  at  V. 

The  operation  of  the  interlocking  will  be  understood  by  first 
referring  to  Plate  Iff,  Fig.  3.  This  figure  represents  the  principle 
apon  which  the  interlocking  is  based.  A  and  B  are  interlocking 
instruments.  C  and  D  are  their  respective  signal  instruments, 
their  normal  condition  being  at  "danger."  £  and  Fare  circuit 
closers,  corresponding  to  the  signals,  and  by  means  of  which  they 
are  operated.  G^  is  a  circuit  closer  for  restoring  the  signals  to 
danger  after  they  have  been  operated.  With  this  arrangement  in 
its  normal  condition,  it  is  possible  to  operate  either  one  of  the 
signals  by  means  of  its  corresponding  key,  but  the  act  of  operating 
one  signal  makes  it  utterly  impossible  for  the  operator  to  clear  the 
other  signal,  until  the  first  has  been  restored.  This  is  accomplished 
in  the  following  manner  :  The  circuit  from  key  E  to  operate  signal 
C  runs  as  follows:  From  battery  .r,  through  wire  No.  [.circuit 
closer  E,  wire  2,  front  contact  spring  on  instrument  B,  wire  3, 
magnet  a,  wire  4,  to  the  battery.  The  circuit  from  key  F  runs  in 
the  same  manner  through  front  contact  spring  on  instrument  A; 
therefore,  if  we  close  the  circuit  at  E,  we  operate  magnet  a,  which 
opens  front  contact  spring  e,  on  instrument  A,  and  close  back  con- 
tact spring/;  the  closing  of  this  spring  completes  a  circuit  from 
battery  x,  through  wire  5,  wire  6,  signal  magnet  c,  wire  7,  spring 
/,  wire  8,  to  the  battery,  causing  signalc  to  raise  to  "  safety ; "  it  will 
now  be  seen  that  if  we  depress  key  F,  the  circuit  will  be  broken  at 
e,  in  instrument  A,  so  that  it  will  be  impossible  to  affect  the  cor- 
responding instrument.  In  the  same  way,  if  key  /^has  been  closed 
first,  it  breaks  the  circuit  of  key  E.  After  a  signal  has  been  set  or 
cleared,  it  can  be  restored  at  g;  when  this  key  is  depressed,  a 
circuit  is  completed  from  battery  x,  through  wire  l,  9  and  10,  11, 
]2  and  13,  to  the  restoring  magnets  b  and  ^1,  which  raise  the 
springs.  This  principle  can  be  largely  extended  by  increasing  the 
number  of  springs  on  the  instruments.  An  example  will  be  given 
of  a  practical  application  of  the  principle  to  the  crossing  of  two 
single  track  roads  at  grade^  shown  in  Plate  IX. 

A,  B  represent  the  two  roads,  crossing  each  other ;  in  close 
proximity  to  the  junction  is  a  cabin,  or  tower,  in  which  a  case  is 
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placed,  containing  the  apparatus,  by  means  of  which  the  operator 
controls  the  movements  of  the  trains.  About  one  mile  from  the 
junction  are  placed  track  instruments,  a',  a",  a'",  a;  about  one- 
half  mile  from  the  junction  are  placed  signals,  Nos.  i,  2,  3  and  4. 
The  normal  condition  of  which  are  at  "danger ;"  in  close  proximity 
to  them  are  track  instruments,  b,  b,  b,  b.  If,  for  example,  a  train 
is  approaching  the  crossing  towards  Signal  No.  i,  reaching  track 
instrument  a,  it  closes  a  circuit  through  the  wire  No.  i ,  to  a  small 
indicator  drop,  through  its  magnet  to  wire  20,  and  thence  to  the 
battery,  this  causes  the  indicator  to  display  a  number,  correspond- 
ing to  the  signal  towards  which  the  train  is  approaching,  which  in 
this  case  is  No.  i.  The  dropping  of  this  indicator  closes  as  sec- 
ondary circuit,  which  can  be  traced  from  battery  0,  through  wire 

2,  small  bell  c,  wire  3,  indicator  i,  wire  4,  to  the  ground.  The 
operator  is  thereby  notified,  by  the  bell,  of  the  approach  of  a  train, 
the  indicator  designating  the  track  occupied  by  the  train. 

The  operator  must  therefore  clear  Signal  No,  I  to  allow  the 
incoming  train  to  enter  the  protected  section.  He  then  depresses 
key  No  i,  closing  a  circuit  through  wires,  front  contact  spring 
on  interlocking  instrument,  No.  4,  wire  6,  spring  on  instrument  No. 

3,  wire  No.  7,  spring  on  instrument  No.  2,  wire  8,  to  unlocking 
magnet  on  instrument  No.  I,  thereby  unlocking  the  few  front  contact 
springs  and  closing  the  two  back  contact  springs  on  that  instru- 
ment. It  will  be  discovered,  by  tracing  the  circuits  from  the  remain- 
ing three  keys,  2,  3  and  4,  that  they  all  run  through  the  front  con- 
tact spring  on  this  instrument,  before  they  go  to  the  magnets  on 
their  respective  instruments,  consequently  the  unlocking  of  this 
instrument  has  cut  away  from  the  system  these  three  keys,  so  that 
it  is  impossible  to  obtain  any  result  from  them,  or  to  clear  the 
Signals  Nos,  2,  3  and  4,  which  operation,  were  it  possible,  would 
permit  conflicting  trains  to  have  the  right  of  way,  the  unlocking 
of  this  instrument  closes  the  two  front  springs,  the  first  of  which 
closes  a  circuit  from  battery  P,  through  wire  No.  9,  front  contact 
spring  in  instrument  No.  5,  wire  No.  [O,  through  a  miniature 
signal  instrument  (in  the  operator's  case)  wire  No,  1 1  to  Signal 
No.  I ,  thereby  causing  the  signal  to  be  set  at  safety.  The  miniature 
signal  is  used  as  a  telUtale  to  repeat,  before  the  operator,  the  move- 
ments of  the  outside  signal,  and  in  this  case  shows  him  he  has 
cleared  the  Signal  No,  l.     The   train,  upon  reaching  track  instru- 
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ment  b,  closes  a  circuit  through  circuit  closer  c,  which  completes  a 
circuit  through  wire  No.  12,  spring  No.  2,  in  instrument  No.  l 
(which  is  now  closed)  wire  No.  13,  to  the  unlocking  magnet  on 
instrument  No.  5.  This  opens  the  front  contact  springs  and 
closes  the  back  contact  spring  on  this  instrument,  as  the  signal 
circuit  ran  through  one  of  these  front  springs,  it  will,  of  course, 
now  be  broken  so  that  the  signal  will  drop  to  "danger,"  to  protect 
the  train  in  the  rear.  (It  will  be  understood  that  the  remaining 
keys  cannot  be  operated.)  The  closing  of  the  front  spring  in  the 
the  last  instrument  completes  a  circuit  to  a  miniature  signal  marked 
L  B,  which  indicates  Line  Blocked.  Thus  the  operator  is  notified 
that  the  train  isstill  in  the  section.  Reaching  track  instrument  6', 
the  train  completes  a  circuit  through  spring  F,  wire  14,  front 
spring  on  instrument  No.  2,  wire  No.  t;,  locking  magnet  in 
instrument  No.  I ,  wire  No.  16,  locking  magnet  in  instrument  No. 
5,  wire  No.  17,  to  wire  No.  40,  thence  to  the  battery,  thus  restoring 
the  system  to  its  normal  condition,  this  being  indicated  to  the 
operator  by  the  return  of  the  Line  Blocked  indicator  to  Line  Clear, 
caused  by  the  restoring  of  instrument  No.  5,  which  breaks  the 
circuit  by  the  back  spring.  The  same  results  are  produced  as 
trains  approach  on  either  of  the  other  tracks. 

A  prominent  feature  of  this  interlocking  arrangement  is  the 
cutting  out  of  track  instruments;  that  is,  train  operating  track 
instrument  b,  has  no  effect  on  one  of  the  circuit  closers,  the  one 
that  restores  the  system  when  a  train  comes  from  the  opposite 
direction.  In  other  words,  a  train  uses  only  such  circuits  as  are 
necessary  to  work  its  signals  in  one  direction. 

In  Plate  X,  are  two  diagrams  representing  applications  of  a 
continuous  ringing  bell  at  highway  crossings,  one  being  a  double 
and  the  other  a  single  track  arrangement, 

In  Fig.  I,  a  train  approaching  the  crossing  in  the  direction  of 
the  arrow  No.  2  will  break  a  circuit  at  track  instrument  a,  which 
runs  by  wire  No.  i  through  magnet  Con  double  circuit  instru- 
ment A,  front  spring  wire  No.  3,  to  battery  x,  causing  the  front 
spring  to  open  and  back  spring  to  close,  the  closing  of  which 
completes  a  circuit  from  battery  F,  through  wires  Nos.  4  and  5 
back  contact  spring  wires  6  and  7,  through  the  bell,  which 
continues  to  ring  until  the  train  reaches  track  instrument  b,  when 
it   closes  a  circuit   through    wire   8,   restoring    magnet  d,   wire 
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No.  9;  relay  magnet,  wire  lO,  to  battery  x.  thereby  restoring 
the  double  circuit  instrument  and  stopping  the  operation  of  the 
bell.  The  introduction  of  the  relay,  in  this  case,  causes  the  bell 
to  ring  if  any  of  the  wires  are  crossed  or  grounded ;  for  instance, 
if  wire  No.  i  is  grounded,  the  relay  magnet  will  be  actuated, 
closing  the  circuit  from  battery  x,  through  wires  4  and  10, 
spring  e,  wires  11,  6  and  7,  to  the  bell.  The  operation  is 
precisely  the  same  on  the  other  track. 

In  Fig.  g,  trains  approaching  in  the  direction  of  the  arrow  No.  2 
break  the  circuit  at  track  instrument  a,  which  passes  through  wire 
No.  I,  track  instrument  b,  wire  2,  front  spring  on  double 
circuit  instrument,  magnet  C,  wire  4,  to  the  battery,  closing 
the  bell  circuit  by  means  of  back  contact  spring.  Trains  reaching 
track  instrument  C~  restore  the  instrument  by  closing  the  circuit 
through  wire  No.  g,  restoring  magnet  d,  wire  6,  relay  magnet 
and  wire  7  to  battery,  thereby  stopping  the  bell.  The  train, 
on  reaching  track  instrument  b,  unlocks  the  instrument,  but  it  is 
restored  by  track  instrument  e.  The  operation  is  the  same  in  the 
opposite  direction. 


The  railway  CAB   ELECTRIC  SIGNAL  COMPANY. 

DISTINCTIVE   FEATURES, 

(I.)  The  signal  of  danger  is  given  audibly  on  the  locomotive. 

(2.)  The  signal  continues  to  sound  until  interrupted  by  manual 
action. 

(3.)  The  electric  generator  is  movable,  being  a  dynamo  machine, 
carried  on  the  locomotive,  and  actuating  any  portion  of  the  road 
line,  without  local  or  Rxed  sources  of  electric  current. 

(4-)  The  advantage  of  a  dynamo  current  in  being  free  from  the 
irregularities  of  batteries. 

(5.)  The  use  of  a  normally  closed  circuit,  by  means  of  the 
wheels  of  the  locomotive,  and  the  rail,  to  restrain  the  audible 
signal  on  the  locomotive,  and  the  interruption  of  such  current  on 
the  rail  to  sound  the  signal. 

(6.)  The  absence  of  force,  or  an  open  circuit  producing  the 
signal. 
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(/■)  The  small  number  of  mechanical  parts  used,  and  the  con- 
sequent minimum  of  original  cost  and  repair. 

The  operation  of  the  system  will  appear  from  the  following 
diagrams  and  explanations : 

The  principle  of  this  signal  is  as  follows; 

A  locomotive  is  provided  with  an  electric  generator,  or  dynamo 
machine  run  by  a  small  motor  fed  with  steam  from  the  boiler. 

The  two  poles  of  the  dynamo  terminate  by  means  of  wires,  one 
to  the  body  of  the  locomotive,  and  one  to  the  tender  frame  of  the 
same,  both  having  metallic  contact  with  the  raits  by  means  of  their 
wheels.  These  two  points,  or  terminals  formed  by  the  wheels, 
must  be  insulated  from  one  another;  so  that  when  on  the  rail,  the 
wheels  of  the  locomotive  and  the  wheels  of  the  tender  are  only 
connected  together  electrically  by  means  of  the  rail.  Where  wood 
frames  are  used  in  tenders  this  insulation  is  already  done ;  with 
iron  frames  the  draw  bar  must  be  insulated. 

We  thus  have  a  closed  circuit  in  action  by  means  of  the  dynamo, 
locomotive,  tender,  and  the  rail. 

This  closed  circuit  passes  through  a  magnet  in  the  cab  which 
holds  an  armature  to  itself.  When  this  circuit  is  interrupted,  or 
opened,  the  armature  leaves  its  magnet,  and  in  so  doing,  by  lever 
action,  operates  a  bell,  or  whistle  valve. 

These  signals  continue  to  sound  until  the  armature  is  returned 
by  hand  to  its  magnet,  and  held  in  place  by  the  current.  The 
interruption  or  opening  of  the  circuit  to  cause  the  armature  to 
leave  its  magnet,  is  made  by  insulating  two  abutting  rails,  one 
from  another,  so  that  when  the  locomotive  wheel  is  on  one  rail, 
and  the  tender  wheel  on  the  abutting  rail,  the  insulation  between 
the  rails  will  cause  the  circuit  between  the  wheels  to  be  inter- 
rupted or  opened,  when  the  consequent  signal  is  given,  by  the 
armature  leaving  its  magnet.  The  two  parallel  rails  are  insulated 
similarly,  to  cut  the  circuit  for  the  wheels  on  both  sides. 

Thus  an  interrupted  or  opened  circuit  formed  as  described, 
gives  an  audible  signal  on  the  locomotive ;  this  is  the  primary 
idea. 

These  signals  are  worked  and  controlled  as  follows: 

From  two  insulated  abutting  rails,  separate  wires  are  led,  to 
join  which  would  destroy  their  insulated  condition. 

These  wires  are  led  any  given  distance  for  any  signal  purpose. 
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terminating  at  a  switch — a  draw-bridge — a  station — at  block  points 
— or  any  other  point  from  which  a  locomotive  may  be  signaled,  or 
which  a  locomotive  may  signal.  By  suitable  parts  controlled  by 
magnets,  so  as  to  contact,  and  not  to  contact,  these  wires  are 
opened  and  closed — as  the  case  may  be — at  the  points  where  they 
terminate. 

If  a  switch  is  closed,  the  wires  are  closed  ;  if  a  switch  is  open 
the  wires  are  open.  Then  when  the  insulated  rail  joints  at  the 
wires  interrupt — as  before  shown — the  current  through  the  rail 
from  the  locomotive  to  the  tender,  such  current  must  follow  the 
wires  leading  from  the  two  rails.  Thus  fundamentally,  if  the  two 
wires  are  closed  at  any  remote  signaling  point,  the  locomotive 
circuit  will  remain  closed  when  passing  the  insulated  joint  where 
these  wires  join  the  rail.  If  the  two  wires  are.  open  at  any  remote 
signaling  point,  the  locomotive  circuit  in  the  same  position  will  be 
opened,  the  armature  must  leave  its  magnet,  and  the  signal  be 
sounded  on  the  locomotive,  while  passing  over  the  insulated  joints. 

Thus  a  switch,  bridge,  station,  block,  or  any  point,  "danger" 
means  open  circuit,  and  signal  to  locomotive,  while  "safety"  means 
closed  circuit,  and  no  signal. 

Thus  a  locomotive  in  motion  forms  a  moving  closed  circuit  on 
the  rail,  which  is  continued  closed,  or  it  is  opened,  as  there  may  be 
safety  or  danger  in  its  path. 

EXPLANATION  OF  DIAGRAMS. — {See  Plate  XI.) 

In  the  double  track  block  sketch,  three  locomotives  are  shown 
in  three  different  modes  of  action — the  locomotives  being  a  mile 
or  more  apart.  All  the  locomotives  show  the  circuit  from  the 
dynamo  machine  on  them,  terminating  in  the  wheels  of  the  loco- 
motive and  the  tender.  The  rail  plan  shows  insulated  rail  points 
to  actuate  the  relay  magnets,  and  similar  points  to  receive  danger 
alarm  signals — the  first  being  always  in  advance  of  the  second. 
The  circuits  are  the  same  for  each  block  space,  and  are  marked 
similar  to  the  locomotives. 

Locomotive  -    ■  \    has  formed  a  circuit  of  similar 

mark,  over  an  insulated  rail  joint  at  a  relay  actuating  point,  actuat- 
ing the  near  relay  magnet  in  its  circuit,  to  separate  the  contact 
points   of   the   relay,   and   thus    indicate  at    its    danger    alarm 


Dninadb,  Google 


33 

rail  point,  and  has  also  actuated  (on  the  same  circuit)  the  magnet 
of  the  remote  relay,  to  close  the  contact  points,  and  thus  set  it  at 
"safety,"  at  its  danger  alarm  rail  point. 

Locomotive  - [-  is  over  the  insulated  joint  of  a 

danger  alarm  point,  set  at  "safety"  (or  the  points  in  contact)  by  loco- 

jnotive ^,  as  Just  described,  and  there  being  a  path  for 

the  circuit  from  the  wheels  of  locomotive  - J-  by  the  rails 

and  wires  through  the  points  in  contact,  no  signal  is  received  on 
such  locomotives,  the  mile  ahead  being  at  "safety"  for  Its  advance. 

Locomotive  -  - J-    is  approaching   an    insulated 

joint  of  a  danger  alarm  rail  point,  where  the  contact  points  of  the 
relay  have  not  yet  been  set  together,  or  at  "safety"  by  the  circuit 

and  locomotive }■ ,  so  locomotive  - [•  will  be 

signaled  when  over  that  point,  as  the.circuit  from  the  rail  through 
the  contact  points  will  be  broken,  there  being  then  no  path  for  it 
from  wheel  to  wheel. 

The  wire  connections  all  set  the  near  relay  magnet  at  "danger," 
and  the  remote  relay  magnet  at  "safety."  That  is  opening  the  con- 
tact points  at  the  near  relay  and  closing  them  at  the  remote  relay. 

The  plan  of  a  single  track  block  section  shows  how  the  circuitsare 
made,  so  that  a  locomotive  entering  at  either  end,  sets  both  before 
and  behind  at  "danger,"  and  in  leaving  the  block  sets  both  these 
points  to  "safety."  In  the  sketch,  the  points  are  shown  in  contact, 
or  at  "safety,"  and  dotted  lines  show  the  circuits  to  the  alarm  danger 
points  on  the  rail.  There  being,  as  in  double  track  sketch,  relay 
actuating  rail  points,  and  alaim  danger  rail  points. 

The  arrangement  of  single  track  block  stations,  shown  by  the 
sketch  above,  the  last  one  exhibits  how  the  section  circuits  are 
arranged  to  lap  each  other  in  series  of  threes ;  so  that  in  no  case 
can  two  locomotives  be  within  a  given  distance,  without  receiving 
an  alarm  signal  at  an  alarm  danger  rail  point,  which  has  been  set 
at  danger  at  a  relay  actuating  rail  point. 

ITie  switch  signal  sketch  shows  the  points  in  contact  {or  circuit 
closed  for  safety)  for  the  main  line,  and  open  for  danger  for  the 
siding.  If  the  switch  was  turned  for  the  siding,  it  would  close  that 
circuit,  and  open  one  for  the  two  points  on  the  main  line.  The 
circuit  through  the  magnet  is  to  lock,  or  ring  a  bell  at  the  switch. 
This  can  only  be  done  when  the  switch  is  at  "safety"  to  the  line  of 
3" 
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rail  in  use.  When  it  is  not  so  placed,  there  can  be  no  circuit 
through  the  magnet,  and  the  locomotive  is  signaled  at  the  mil 
point  where  the  wires  terminate.  The  other  circuit  and  magnet 
unlock  the  switch,  or  stop  the  bell,  in  passing. 

The  Draw-Bridge  Signal  shows  a  bridge  bolted,  and  the  bolt 
locked.  By  lifting  the  locking  lever  and  pulling  the  bolt,  the  two 
contact  points  held  together  by  the  bolt  separate,  and  the  locomo- 
tive at  the  remote  insulated  danger  alarm  rail  point  would  find  no 
circuit,  and  would  receive  a  signal.  When  the  bridge  is  bolted,  the 
two  contact  points  are  brought  together,  and  the  circuit  can  then 
pass  from  the  remote  danger  alarm  rail  point  to  the  magnet  to  lock 
the  bolt.  The  other  circuit  and  magnet  are  to  unlock  the  bolt  in 
passing. 

The  Depot  Signal  shows  at  the  point  farthest  from  depot,  a  circuit 
from  the  rail  to  shunt  on  a  local  cuirent  to  ring  a  bell  at  the  depot. 
The  nearer  rail  point  circuit  runs  to  an  electric  switch  in  the  depot, 
whereby  the  circuit  can  be  opened  or  closed.  By  such  switch,  the 
locomotive  can  be  signaled  or  not,  by  this  means,  at  the  rail  point 
where  the  circuit  or  wires  terminate.  The  circuit  shown  from  the 
rail  point  when  past  the  depot,  stops  the  bell  at  the  depot  which  the 
approaching  locomotive  had  actuated. 

As  a  preliminary  to  critical  examination  of  the  operation  of 
these  signals  upon  the  railroads  where  they  are  in  actual  operation, 
the  writer  obtained  from  three  gentlemen,  who  had  had  large  prac- 
tical experience  in  the  use  of  signals  of  various  kinds,  a  statement 
of  what  each  would  consider  cardinal  requirements  in  an  ideal 
system  of  signals.  Of  the  gentlemen  who  kindly  responded  to  my 
inquiry  in  this  direction,  Mr.  Chamberlain,  the  Superintendent  of 
the  Providence  and  Worcester  Road,  was  the  first  to  make  a  system- 
atic study  of  the  signals  employed  upon  any  road  and  to  place 
before  the  public  a  clear  and  succinct  tabular  view  of  the  work  done 
under  the  system  in  use  and  of  the  number  of  failures  from  the 
various  causes  which  rendered  the  system  inoperative  within  a 
given  period  of  time. 

Mr.  McCrea,  the  General  Manager  of  the  Pittsburg,  Cincinnati 
and  St.  Louis  Railway  Company,  is  well  known  as  a  zealous  advo- 
cate ol  every  precaution  which  can  add  to  the  safety  and  efficiency 
of  railway  service. 

Mr.  Blodgctt,  in  his  capacity  as  electrician  of  the  Boston  and 


35  ■ 

Albany  Railroad,  has  had  wide  experience  both  in  the  theory  and 
the  application  of  electricity  to  the  problem  under  consideration. 

The  following  are  the  communications  sent  in  answer  to  my 
inquiry  : 


PROVIDENCE  AND  WORCESTER  RAILROAD  COMPANY.  I 

StII'EKINTENDEST'S  OFFICE.  J 

PnoviriKKCE,  R.  1..  January  9,  1885. 
Prof.  Wm.  A.  Rogers,  Harvatd  College  Observatory.  Cambridge,  Mass. 
Dear    Sir :—\n     compliance     wilh     your     request,    and     as   per     mjf 
promise,  I  would  suggest  the  following  questions  relative  to  the  systems  of 
electric  signals  on  the  different  railroad  lines : 

( I .)  By  what  system  are  your  signab  operated  ?    Is  it  by  open  or  closed 

(2.)  Is  the  normal  condition,  danger,  when  any  accident  occurs  to  the 
mechanism  of  the  signal  or  any  part  of  the  apparatus  ? 

(3.)  Does  your  system  show  danger  immediately  upon  a  train  entering 
the  block  protected  by  signals  P 

(4.)  Will  signal  remain  at  danger  in  case  a  train  breaks  apart  in  one  or 
more  places,  and  will  it  remain  at  danger  in  case  the  first  section  or  engine 
has  passed  out  of  the  block  and  entered  the  section  or  block  ahead  f 

(S.)  Will  signal  show  danger  in  case  of  a  broken  rail,  or  an  obstruction 
by  mib  being  placed  across  the  track  ? 

(6.)  In  case  switches  arc  set  wrong,  or  are  being  used  within  a  block, 
will  the  signal  which  protects  that  block  show  danger  ?  If  so,  can  you  fully, 
rely  on  it  to  protect  you  from  a  rear  collision  ? 

(7.)  Will  your  system  show  danger  when  a  car  is  left  on  a  side  track,  in 
such  position  as  to  obstruct  the  main  track  ? 

(8.)  Will  your  system  of  automatic  signals,  under  any  conditions,  show 
safety  when  danger  should  be  shown  ? 

If  so,  under  what  conditions  1 

(9.)  Can  your  system  of  signaling  be  operated  from  any  point  desired, 
by  hand,  as  effectually  as  by  train  while  in  section  ? 

(to.)  Is  the  apparatus  employed  entirely  free  from  atmospheric  influences  ? 

(11.)  Is  your  system  arranged  so  that  all  the  switches  in  block  can  be 
electrically  locked  and  not  unlocked  during  the  time  thai  the  block  is 
obstructed  by  a  train  or  otherwise  ? 

(la.)  Does  your  system  permit  the  over-lapping  of  one  or  more  signals,  so 
that  one  or  more  signals  will  remain  at  danger  until  the  whole  train  has 
passed  from  the  block  and  over  part,  or  the  whole,  of  the  next  block  ? 

(13.)  In  case  one  railroad  crosses  another  at  grade,  or  at  a  junction,  or  a 
branch  road  diverges  from  the  main  track,  can  your  signals  be  so  arranged 
that  they  will  block  out  (by  home  or  distance  signals)  trains  in  either  direc- 
tion, which  are  opposed  to  the  safety  of  any  train  using  main  track,  or  vice- 
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(i4-)  Witl  such  signals  work  automaucally  from  all  switches,  and  work 
by  hand  from  switch-houses  or  otherwise  ? 

I  think  the  above  interrogations  cover  the  important  points  in  the  matter 
of  signals. 

In  relation  to  the  interlocking  system  of  switches,  I  am  not  prepared  to 
make  any  statement,  as  we  have  no  equipment  of  the  same  on  this  road,  and 
I  have  not  had  the  opportunity  lo  make  such  a  thorough  investigation  as 
would  warrant  a  positive  opinion  as  lo  their  merits. 

I  shall  be  pleased  at  any  lime  to  give  you  any  information  desired,  if  in 
my  power,  and  hope  the  questions  propounded  herewith  will  meet  your 
approbation.  Yours,  very  respectfully, 

W.  £.  Chamberu^in, 

SupcrinUndtiU. 


[COMMUNICATION  from  MANAGER  McCREA.] 
The  requirements  of  an  Automatic  Electric  Block  Signal  System,  are 

(i.)  That  the  system  should  be  reliable  beyond  question,  so  that  in  case  of 
rouble,  the  responsibility  can  readily  be  placed. 

(2.)  The  signals  should  indicate  either  "stop"  or  "go  ahead;"  never 
cautionary,  unless  as  a  distant,  indicative  of  a  Home  Signal  in  advance. 

(3.)  The  signal  in  its  "clear"  position  should  indicate  an  entirely  un- 
obstructed track,  and  should  hold  all  conflicting  signals  to  "danger,"  and 
«ck  all  switches  (if  possible,  in  the  fiosition  to  act  as  throw-offs),  which,  by 
being  moved  during  the  passage  of  a  train  running  according  to  a  signal, 
might  either  throw  it  from  the  track,  divert  it  from  the  intended  course  or 
allow  another  train  moving  in  either  direction,  to  collide  with  it. 

(4.)  Semaphores  should  be  used  to  govern  running  tracks.  On  roads  which 
run  to  the  right,  the  arm  should  point  to  the  right  of  the  direaion  in  which  the 
train  is  moving,  and  on  roads  which  run  to  the  left,  the  reverse  should  be  the 
case — this  for  the  purposethatdirection  maybe  indicated.  It  is  not,  in  al!  cases, 
possible  to  place  the  signals  for  the  samedirection,  on  the  same  side  of  the  track, 
consequently  a  disc  signal,  even  if  shielded  on  the  back,  cannot  (unless  by 
rule,  or  of  a  distinguishing  form,  neither  of  which  is  hardly  to  be  considered 
good  practice)  be  made  to  indicate  direction. 

(5.)  Pot  Signals  should  be  made  to  govern  sidings,  in  order  that  as  few 
signals  as  possible  be  displayed  on  the  main  running  tracks,  and  again,  that 
a  short  sight  only  be  given,  so  as  to  compel  an  enginenian,  while  on  any 
subordinate  track,  to  keep  his  train  under  complete  control. 

(6.)  The  current  should  hold  the  signal  to  "safety,"  so  that  in  case  of  failure 
of  the  battery,  the  signal  would  automatically  indicate  danger. 

(7.)  On  a  single  track  the  Block  Section  should  so  over-lap,  that  no  two 
trains  moving  at  speed  in  opposite  directions,  should  be  allowed  in  adjoining 
o  approach  each  other  at  the  same  time. 
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(8.)  R-ovision  should  be  made  lo  indicate  the  position  of  all  signals  in 
adjacent  Block  Sections,  to  the  train  order  or  telegraph  office. 

(9.)  Atmospheric  disturbances  should  be  provided  for,  so  that  in  no  case 
could  an  electric  charge  hold  a  signal  at  "  safety." 
Yours  very  truly, 

James  McCrea, 

General  Manager. 


[COMMUNICATION  from  MR.  BLODGETT.] 
Prof.Wm.  a.  Rogers,  Chairman  ComtnUteeon  Railroad Sigtiah.  Franklin 
Institute  ExkibiHon,  etc..  Philadelphia. 

My  Dear  Sir: — In  response  to  your  kind  invitation  some  time  ago  to  give 
you  at  convenience  my  views  of  what  an  ideal  railroad  block  signal  should 
be  and  do,  I  submit  them  herewith,  simply  stating,  by  way  of  preface,  that  I 
have  made  no  attempt  to  discuss  the  question  broadly,  or  the  merits  of  any 
particular  system  ;  but  merely  to  outline  ihe  subject,  and  offer  some  general 
suggestions,  I  am  committed  to  no  system  of  signals  farther  than  warranted 
by  its  conformity  to  the  principles  here  laid  down,  and  I  try  to  deal  with  all 
in  fairness,  from  the  standpoint  of  one  who  would  recognize  the  merits  and 
point  out  the  defects  of  each,  rather  as  a  stimulus  to  further  development  than 
as  a  cause  for  discouragement. 

Interlocking  apparatus,  whereby  the  positions  of  switches  and  signals 
relating  to  a  particular  piece  of  track,  are  so  dependent  on  each  other  that 
the  signal  for  a  train  to  proceed  in  a  proposed  direction  cannot  be  given  until 
that  route  has  been  made  complete,  while  during  the  existence  of  such  signal, 
no  signal  can  be  given  for  a  train  to  pass  over  any  conflicting  route,  has  been, 
in  my  opinion,  brought  much  nearer  practical  perfection  than  line  block  sig- 
nals, so-called. 

Interlocking  is  in  use  in  this  country  to  a  limited  extent  at  junctions,  grade 
crossings  of  railroads,  and  in  yards  where  the  movements  of  trains  over  the 
same  tracks  in  the  same  or  opposite  directions  are  very  frequent. 

By  far  the  greater  number  of  such  devices  which  have  been  invented 
simply  warn  the  engineer  visibly  or  audibly  of  danger  potential  or  actual,  but 
would  not  prevent  a  disaster  should  he  disregard  the  warning,  or  lose  control 
of  his  train.  A  few  systems  provide  that  contact  with  some  part  of  the  appa- 
ratus shall  forcibly  remind  the  engineer  of  his  neglect,  and  in  one  or  two 
inventions  it  is  impossible  for  him  even  Co  reach  the  danger  point. 

In  the  best  systems  of  interlocking  where  the  mechanical  interdependence 
of  switches  and  signals  has  been  made  as  perfect  as  human  wisdom  has  yet 
discovered  how  to  do  it,  and  supplemented  by  electric  appliances  dependent 
on  the  movements  of  the  trains,  an  accident  would  seem  well-nigh  im- 
possible. 

The  apphcation'of  block  signals  to  a  line  of  railroad  is  commonly  made 
by  dividing  it  into  longer  or  shorter  sections,  according  to  circumstances,  each 
of  which  is  provided  with  one  or  more  signals  designed  to  show  to  a  train 


whether  or  nut  it  may  proceed  ovei  the  poition  of  the  track  to  which  the  sig- 
nal belongs.  Of  all  the  accidents  which  may  happen  to  railroad  DaiDS,  I 
think  there  are  but  two  against  which  we  can  reasonaUy  expect  block  signals 
will  provide,  vii. :  the  presence  of  another  train  in  dangerous  proximity,  and 
a  broken  or  displaced  track. 

Recognizing  that  these  two  are  by  far  the  most  fruitful  sources  of  accident, 
many  inventions  have  been  made  which  professed  to  furnish  complete  pro- 
tection again«  them,  but  thus  fat  with  only  partial  success.  At  first  mechani- 
cal devices  were  used,  operated  by  some  person  designated  for  the  purpose. 
This  is,  to  a  large  extent,  still  the  case.  They  are,  however,  always  open  to  the 
following  grave  defects:  (i)  the  signal  man's  perception  of  danger  may  be 
wrong,  (2)  his  judgmenl  may  be  defective,  1 3)  the  mechanical  appliances  he 
controls  may  work  imperfectly  and  lure  a  train  into  the  danger  they  were 
designed  to  guard  against.  Appalling  disasters  have  been  caused  by  each  of 
these,  which  we  afterwards  saw  might  have  been  easily  prevented. 

Experience  has  demonstrated  that  whenever  mechanical  principles  can  be 
substituted  for  human  perception  or  judgment,  a  very  great  increase  in  cer- 
tainty and  safety  is  the  result. 

This  fact  has  been  gradually  more  and  more  recognized  by  those  who 
have  to  do  with  railroad  signaling,  and  many  attempts  have  been  made  to 
invent  a  system  which  should  be  as  far  as  possible  independent  of  perception 
or  judgment  in  their  operation,  and  be  governed,  partially  or  wholly  by  the 
movements  of  the  trains  or  the  condition  of  the  track  (whether  occupied  or 
unoccupied)  or  both. 

The  problem  simply  stated  is  this:  Given  the  complicated  and  varying 
train  movements  over  a  railroad,  to  devise  means  whereby  each  of  these 
movements  which  can  imperil  any  other  tiain,  shall  be  signaled  to  soch  train 
in  ample  time  to  allow  eflective  measures  for  its  safety  to  be  taken  ;  also  that 
any  displacement  or  interruption  of  the  track  over  which  a  train  is  to  pass 
shall  be  at  once  made  manifest,  and  that  each  of  these  shall  be  done  with 
certainty  and  regularity  by  the  apparatus  itself;  that  is.  It  shall  be  attlomatu. 
I  must  here,  however,  frankly  say  that  no  device  I  have  ever  seen  per- 
fectly fulfils  these  requirements,  and  some  do  not  even  profess  to  do  so. 
Others  make  the  pretence,  but  when  put  to  the  test,  prove  unreliable.  It 
would  seem  at  first  sight  as  though  there  might  be  an  indefinite  number  of 
such  devices,  differing  from  each  other  only  in  details  of  construction  or 
operation,  moved  by  clock-work  and  a  weight  or  spring,  by  compressed  air  or 
wind-power,  by  a  running  stream  or  hydrostatic  pressure,  by  the  electnc  cur- 
rent or  the  attraction  of  a  magnet,  or  by  a  combination  of  two  or  more  of 
these  principles,  but  practically  we  are  confined  to  quite  a  narrow  range. 
For  instance,  thecondition  that  a  signal  shall  show  the  occupancy  of  a  section 
by  a  train  can  only  be  completely  met  by  an  instrument  which  shall  continue 
to  show  danger  as  long  as  any  portion  of  a  train,  even  a  single  pair  of  wheels 
remains  in  the  section,  or  in  dangerous  proximity  thereto,  and  shall  at  once 
indicate  this,  no  matter  how  the  obstruction  came  there. 

A^ain,  the  requirement  that  a  signal  shall  show  whether  or  not  the  track  is 
continuous  through  the  whole  of  the  portion  the  signal  governs,  seems  to  me 
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to  positively  exclude  a.11  auchsystems  as  operate  by  Crack  or  hand  instruments, 
and  can  be  set  to  "danger"  or  the  reverse  only  at  a  few  detached  points  in  the 
section.  T  know  of  but  one  method  by  which  this  requirement  can  be  met, 
viz  :  by  an  electric  current  through  the  rails,  the  breakage  or  displacement 
of  any  one  of  which  shall  prevent  its  passage.  This  can  be  done  potentially 
by  an  open  circuit,  which  is  completed  for  the  current  to  pass  at  the  moment 
when  we  wish,  or  actually  by  a  closed  circuit  through  which  there  is  a  con- 
tinual flow  of  electricity.  The  latter  is,  therefore,  preferable,  Chough  at  a 
somewhat  greater  cost  of  maintenance.  In  either  case,  the  display  of  a 
danger  signal,  or  Che  reverse,  should  depend  on  the  occupancy  and  continuity 
of  the  track,  and  not  on  the  previous  operation  of  some  other  part  of  the 

An  ideal"  railroad  signal  would  combine  the  good  points  of  all  those  which 
have  yeC  appeared.  These  seem  to  bethe  requirements  of  such  a  system,  as 
developed  by  past  experience. 

At  junctions,  crossings,  draw-bridges  and  other  dangerous  or  complicated 
places,  interlocking  apparatus  will  be  used,  so  connected  thai  the  passage  of 
trains  over  conflicting  routes  at  the  same  time  is  mechanically  impossible  ;  this 
will  be  further  made  sure  by  the  use  of  electric  currents  conlroihng  and  limit- 
ing the  signal  man's  operations  to  such  as  are  perfectly  safe  and  proper,  and 
to  indicate  to  him  the  movements  of  trains. 

"The  offer  of  a  right  of  way  and  its  acceptance  by  a  train,  should  prevent 
interference  in  any  way  with  its  passage  in  safety,  tmless  the  right  of  way  is 
voluntarily  relinquished,  when  it  may  be  given  to  another  train.  //  should, 
however,  alivitys  bi  in  the  ptmier  of  the  signal-man  to  put  a  signal  instantly 
to  danger  and  stop  a  train  lo  which  he  may  have  given  a  right  of  way,  when- 
ever any  contingency  arises  which  makes  that  desirable.  No  mechanical 
or  electric  device  should  ever  be  so  attached  to  interlocking  apparatus  as  to 
lock  a  signal  in  an  "all  clear"  position,  but  the  locking  should  lake  effect  on  the 
first  movements  of  all  conflicting  routes." 

In  line  block  signals,  I  think  the  following  principles  should  be  observed  : 
The  signal  should  be,  as  far  as  possible,  automatic.  It  must  be  prompt, 
positive  and  efficient  in  action.  The  information  conveyed  by  it  must  be 
instantly  and  perfectly  intelligible ;  there  must  be  no  delay  or  ambiguity  in 
interpreting  its  meaning.  It  should,  therefore,  show  three  things,  and  only 
these :  (i)  That  the  track  over  which  the  train  is  Co  proceed  is  continuous  and 
unoccupied  through  the  whole  length  to  which  the  signal  applies ;  (2)  that  it  is 
no/contiauous  or  is  occupied  ;  (3)  that  the  signal  is  itself  out  of  order  and 
must  not  be  depended  on. 

Much  of  Che  value  of  a  signal  will  be  due  to  the  kind,  form,  position, 
color  and  size  of  the  instrument,  and  these  will  commonly  vary  somewhat 
with  circumstances,  but  should  be  as  uniform  as  possible.  A  visible  signal 
can  usually  be  seen  farther  than  an  audible  one  can  be  heard.  The  fonn, 
position  and  size  should  be  such  that  the  signal  will  be  plainly  visible  from 
the  (irsi  moment  when  its  indication  could  be  of  service  ;  also  such  that  it 
cannot  be  confounded  with  something  else  in  (he  same  vicinity.  The  sema- 
phore arm  has  probably  given  better  results  Chan  any  other  form  of  signal. 
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TTic  color  of  a  signal  should  be  in  marked  contrast  to  the  back-nround 
agRinst  which  it  is  to  be  seen,  and  if  more  than  one  color  is  used  there  should 
be  as  much  difference  between  them  as  possible. 

When  practicable,  the  indication  of  the  signal  should  be  readily  per- 
ceived by  ^M  the  color  and  position,  which  ought  to  be  different  for  each 
dideient  indication,  but  signals  for  the  same  purpose  should  invariably  mean 
the  same  thing  along  Ihe  entire  line  of  road. 

However  complicated  its  functions  may  be,  a  signal  should  be  mechaiu- 
cally  a  simple  machine,  of  few  parts,  not  liable  to  derangement,  easily  put  in 
order  when  necessary,  and  of  great  durabihty.  It  should  also  be  entirely 
independent  of  weather  or  other  atmospheric  influences.  Finally,  it  should 
be  cheap  enough  in  fir^t  cost  and  in  maintenance  to  make  its  use  depend 
entirely  on  its  merit,  and  not  al  all  on  the  question  of  expense. 

The  use  of  any  such  device  ought  to  be  as  an  addition  to,  and  never  as 
»  substitute  for,  the  utmost  care  and  watchfulness  human  forethought  can 
take.  I  am,  sir,  with  great  respect,  very  truly  yours, 

Geo.  W.  Blodgett, 
j^fsmlant  Engineer,  Boston  and  Albany  R.  R~ 


It  would  be  too  much  to  expect  that  either  of  the  systems 
under  consideration  should  perfectly  meet  the  demands  of  an  ideal 
system  so  clearly  defined  in  the  preceding  communications.  Many 
improvements,  resulting  from  experience,  have  been  made  since 
electric  railway  signals  were  first  introduced,  and  minor  improve- 
ments will  doubtless  continue  to  be  made,  but  it  will  be  seen  from 
the  data  given  below  that  the  systems  in  operation  are  aow  so 
nearly  perfect  that  their  use  in  the  daily  operations  of  a  road  is  no 
longer  an  experiment.  Tlie  old  Hall  system,  the  first  to  be  intro- 
duced in  this  country  involved  the  use  of  an  open  circuit.  It  was 
only  by  the  expenditure  of  many  thousands  of  dollars  and  as  the 
result  of  a  multitude  of  experiments  that  it  was  demonstrated  that 
the  conditions  of  the  problem  require  a  closed  circuit.  It  is  to 
be  noted  in  this  connection  that  the  exhibit  of  the  Wharton 
Switch  and  Signal  Company  relates  to  the  new  Hall  system,  in 
which  the  closed  is  substituted  for  the  open  circuit. 

This  gradual  improvement  both  in  the  application  of  funda- 
mental principles  and  in  the  perfection  of  mechanical  details,  is 
well  illustrated  in  the  changes  which  have  been  made  in  the  form 
of  the  relay,  used  by  the  Union  Switch  and  Signal  Company. 

The  following  illustrations  and  description  relate  to  the  instru- 
ment known  as  the  Westinghouse  patent 


''8" 


D„t.„db,  Google 


42 

Fig.  tg  shows  the  style  of  relay,  formerly  used  in  connection 
with  these  signals,  and  Fig.  20  shows  the  improved  style  now  used. 

By  reference  to  Fig.  ig,  it  will  be  seen  that  this  is  the  style  of 
relay  used  in  telegraphy,  and  its  contact  or  local  circuit  closing 
point  a  is  very  small  and  exposed  to  the  atmosphere,  and  is  liable 
to  become  covered  with  dust  in  such  a  way  as  to  keep  the  local 
circuit  broken  when  the  armature  is  attracted. 

The  means  of  adjustment  on  this  relay  are  too  easy  of  access, 
and  they  are  liable  to  be  interfered  with  in  such  a  way  as  to  cause 
the  apparatus  to  work  improperly. 

Referring  to  Fig.  20,  it  will  be  seen  that  the  contact  springs  b,  if, 
which  are  closed  or  pressed  tegelher  by  the  head  c  of  the  rod  d, 
are  fastened  to  a  hard  rubber  block  and  covered  by  a  brass  cap, 
which  is  screwed  down  over  them,  thereby  enclosing  them  in  a 
dust-proof  case. 

The  rod  d  passes  down  to  the  tube  e,  and  rests  upon  the  arma- 
ture y",  moving  down  with  the  armature  when  it  is  released,  thereby 
allowing  the  springs  b,  f  to  separate  and  break  the  local  circuit, 
and  raising  again  with  the  armature  when  it  is  attracted  by  the 
magnet,  and  presses  the  springs  together  again,  closing  the  local 
circuit.  The  screw  g  controls  the  drop  of  the  armature  and  is  the 
only  adjustment  used  in  this  form  of  relay. 

The  cap  k  is  fastened  on  to  the  base  of  the  instrument  by  small 
screws  and  encloses  the  armature  /,  screw  g,  and  lower  end  of  the 
rod  d,  in  a  dust-proof  chamber. 

Fig.  21  is  an  enlarged  sketch  of  the  contacts  and  shows  the 
local  circuit  closed. 

Fig.  22  is  the  same,  showing  local  circuit  broken.  It  will  be 
seen  that  when  the  springs  b,  b'  are  pressed  together  by  the  head 
•c,  there  is  a  good  contact  at  the  end  of  the  springs,  and  also 
through  the  head  c. 

In  estimating  the  commercial  and  the  practical  value  of  any 
system  of  signals,  three  facts  must  be  taken  into  consideration: 

( I .)  It  is  to  be  considered  chiefly  as  an  aid  in  preventing  acci- 
dents, by  compelling  caution  on  the  part  of  the  employes  of  a  road. 

(2.)  Even  if  the  signals  fail  to  operate,  even  if  a  safety  signal  is 
shown  when  a  danger  signal  should  be  displayed,  this  failure  does 
not  introduce  any  additional  element  of  danger,  over  that  which 
would  exist  if  there  were  no  such  system  of  signals  in  use. 


43 

(3.)  The  whole  question  of  the  use  of  automatic  signals  in  any 
case  resolves  itself  into  a  question  of  railroad  economy.  The  cost 
of  maintenance  would  not  probably  be  a  very  serious  matter  in  any 
event,  but  no  road  could  endure  the  delay  and  interruption  caused 
by  the  frequent  display  of  false  danger  signals.  It  is  obvious,  there- 
fore, that  the  mechanism  of  any  system  on  trial  must  be  so  perfect 
that  the  number  of  failures  shall  not  be  suflficient  to  cause  appre- 
ciable delay  in  the  running  of  trains. 

A  limited  personal  examination  of  the  operation  of  any  system 
could  not  in  any  event  count  for  much  as  a  test  of  its  merits.  Still  it 
was  thought  desirable  to  make  this  inspection.  The  writer,  through 
the  courtesy  of  Superintendent  John  Adams,  of  the  Fitchburg 
Road,  passed  over  that  part  of  the  line  on  which  the  signals  are 
located,  several  times  on  different  engines.  In  no  case  was  there 
a  failure  in  the  operation  of  the  signals. 

President  Watrous,  of  the  New  York  and  New  Haven  Road, 
kindly  furnished  a  pass  for  a  trip  on  any  engine  over  that  road  for 
the  purpose  of  witnessing  the  operation  of  the  Hall  Signal.  A  very 
interesting  and  satisfactory  trip  was  made  on  the  fast  night 
express. 

By  the  courtesy  of  Thos.  C.  Miles,  General  Manager  of  the 
Railway  Cab  Electric  Signal  Company,  an  engine  was  placed  at  the 
disposal  of  the  writer  for  an  examination  of  the  system  represented 
by  this  company  at  the  station  on  the  Staten  Island  Railroad,  at 
which  all  the  preliminary  experiments  on  this  system  were  made. 
This  examination  was  entirely  satis^ctory.  All  the  tests  made, 
indicated  a  high  degree  of  certainty  in  the  operation  of  the  signals. 
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Investigation  of  the  Performance  of  the  Signals  upon  the  Roads  upon 

it'hich  they  are  in  use. 
The  signals  of  the  UNION  SWITCH  and  SIGNAL 
COMPANY. 
The  signals  of  this  company  arc  in  use  upon  all  the  roads  run- 
ning out  of  Boston,  except  one.  The  Fitchbui^  Road  was  the 
first  to  adopt  the  system,  in  l88o.  At  present,  the  number  of 
trains  operated  daily  by  twenty-seven  signals  is  153,  of  which  114 
are  regular  and  38  are  irregular.  Every  engineer  is  instructed 
to  fill  out  a  blank,  of  the  following  form,  whenever  a  signal  indicates 
danger  from  any  cause.  This  report  of  the  engineer,  however,  indi- 
cates only  the  probable  cause,  as  apparent  at  first  sight,  of  the  danger 
signal.  This  report  is  returned  to  the  office  upon  his  arrival  at 
Boston.  With  this  report  as  a  general  guide,  a  signalman  is  sent 
to  investigate  the  real  cause,  and  his  return  is  made  upon  the  stub 
blanks.  For  the  first  two  or  three  years,  the  maintenance  of  the 
signals  was  in  the  hands  of  the  signal  company,  but  during  the 
past  two  years  the  railroad  company  has  had  their  care  in  charge. 
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IForm  of  BiankP^ 
FITCHEURG  RAILROAD. 

ELECTRIC   SIGNAL   REPORT. 


Me.  John  Adams,  Gen'l  Super'mtendnU. 
Dear  Sir; 


Outward  train  No. 
Inward  train  No._ 
Extra       train  No_ 

at  about o'clock,        M.   found  Signal   No.  _   at 

DANGER. 

I  report  the  cause  (if  ascertained)  by  writing 7«  opposite  the 
proper  question  below: 

Was  Train  in  Section.. 
Was  Hand  Car  or  Truck  in  Section 
Was  Rail  Broken  in  Section_    . 
Was  Track  being  Repaired  __.._. 
Was  Switch  open  in  Section^ 
Was  Switch  unlocked  in  Section   _ 
Was  Cause  unknown     _     _    _ 
(If  the  danger  signal  was  found  at  SAFETY  and  did  not  turn 
to  DANGER  as  it  should,  write  "  yes"   here)_  ._ 


Ettginemafi. 

THE  UNION  SWITCH  AND  SIGNAL  COMPANY." 
GenlUmen : — Will  you  please  investigate  the  above  report,  and 


advise  me  what  caused  the  signal  to  remain  as  stated. 
Yours  truly, 

JOHN  ADAMS,  Gm-l  Supt. 

_  -     .   -    -  -   _  _     j88 

Mr.  John  Adams,  Gen'l  Supt. 

Dear  Sir: — In  regard  to  the  above,  I  have  to  say. 


Yours  truly, 

For  the  Union  Sivitch  and  Signal  Company. 
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The  returns  from  these  blanks  have  not  been  posted  in  tabular 
form  at  the  office,  but  Superintendent  Adams  kindly  placed  the 
blank  returns  froqi  March  i  to  August  i,  1 884,  in  the  hands  of  the 
writer,  from  which  the  following'  results  were  obtained  : 

Indicated  Cause,  Number  of  Indications- 

Train  in  section 67 

Switch  open 36 

Work  in  section 25 

Unknown, 16 

Broken  track  wire,  42 

Decay  of  switch  frame,  I 

Raits  driven  together  at  end  of  section.  ...  I 

Dust  on  platinum  points, 1 

Broken  spring  in  signal  switch 3 

Bad  zinc  in  battery,  .......  9 

Rails  connected  by  crossing  wire,  ....  5 

Derangement  of  signal  apparatus,  .        .        .        .  9 

Ciuard  wire  broken, 9 

Bad  insulation 12 

Lack  of  blue  vitriol  in  battery, 4 

Broken  switch.  ........  i 

Battery  wire  broken 3 

Broken  frog  wire 4 

Loose-headed  rivet, 3 

Relay  burned  out  by  lightning, 3 

Relay  "tit  of  adjustment, 2 

Signal  slow  in  turning 1 

Signal  weight  ran  down, 3 

The  failures  recorded  below  the  dividing  line  are  to  be  charged 
to  the  system,  and  they  may  be  taken  as  a  fair  indication  of  the 
character  of  the  failures  likely  to  occur.  The  number  of  failures 
however,  vaties  greatly  upon  different  roads.  For  example,  the 
number  oi  cases  of  broken  track  wire  is  here  forty-two,  while  upon 
the  Providence  and  Boston  Road  there  was  not  a  single  case  for 
three  of  the  corresponding  months.  This  disparity  well  illustrates 
the  great  improvements  in  construction,  suggested  by  experience, 
since  the  first  introduction  of  the  signals.  It  is  to  be  noted  also 
that  nearly  all  of  these  failures  would  be  prevented  by  the  exer- 
cise of  greater  care  in  the  supervision  of  the  signals.  A  new 
plant,  of  the  latest  form  of  construction,  would  probably  reduce 
the  number  of  failures  by  at  least  one-half.  Even  here  the  ratio 
of  the  number  of  failures  to  the  number  of  operations  is 
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117:  144  X  252  X  27.  ' 
or  1  :  8374. 
The  records  of  the  service  on  this  road  do  not  show  the  number 
of  cases  in  which  a  safety  signal  was  shown  when  a  danger  signal 
should  have  been  exhibited.  According  to  the  testimony  of  the 
officers  of  the  road,  only  three  such  instances  have  occurred.  It 
should  be  said  that  this  is  much  less  than  the  average  number  on 
other  roads,  where  a  .strict  record  has  been  kept. 

THE   SIGNALS   ON    THE   BOSTOK    AND    PROVIDENCE   RAILROAD. 

The  first  five  miles  of  this  road  out  of  Boston  are  equipped 
with  sixteen  signals.  The  number  of  regular  trains  daily  is 
lo6;  the  average  number  of  irregular  trains  being  about  25 
daily.  Engineers  are  furnished  with  blanks  similar  to  those  in 
use  upon  the  Fitchburg  Road,  but  no  permanent  record  is  kept,  on 
account  of  the  satisfactory  operation  of  the  signals.  By  the  kind- 
ness of  Superintendent  Folsom,  a  copy  of  the  failures  for  two 
months  in  1884  was  made,  viz.,  from  June  23d,  the  date  of  the 
introduction  of  the  signals,  to  July  23d,  and  for  October,  1884 : 

Indicated  Cause.  Number  of  [ndicattom. 

Loose  connecting  screw, 1 

Spring  failed 4 

Relay  out  of  order, 12 

Switch-box  out  of  order, 4 

Battery  out  of  order 3 

Signal  apparatus  out  of  order,                    ■      .■  4 

Water  on  the  track 3 

It  is  the  testimony  of  the  officers  of  the  road  that  a  safety  signal 
has  never  been  shown  when  a  danger  signal  should  have  been  set. 

EASTERN   RAILROAD. 

Record  of  the  Union  Switch  and  Signal  Company  signals  from 
January  I,  1881,  to  December  i,  1884: 

Trains  In  section 352 

Imperfect  connections  al  draw-bridge.     .         .         .         .  13 

Signal  apparatus  out  of  order, 4 

Lightning  burned  out  relay,     .         .         .  ■      .                  .  7 

Broken  battery, g 

Broken  switch  stand 4 

Broken  rail  at  end  of  section, 12 


DK!,tz.dDyG()l)glC 


Broken  wires,  . 
Loose  pin  in  switch, 
Trouble  with  magnet, 
Trouble  with  sw 

Signal  weight  nin  down 6 

Falling  weight  caught, 2 

Banner  caugbt I 

Unknown 6 

Here,  as  on  the  Fitchburg  Road,  the  greatest  trouble  appears 
to  be  with  broken  wires. 

BOSTON    AND    ALBANY    RAILROAD. 

The  records  of  the  operation  of  the  signals  upon  this  road  are 
kept  with  the  greatest  care,  and  in  the  most  systematic  manner, 
under  the  direction  of  Mr.  Blodgett.  the  Electrician  in  Charge. 
The  following  very  complete  summary  was  kindly  furnished  in 
answer  to  an  application  to  Mr.  G.  R.  Hardy,  the  Engineer  of  the 
road ; 
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BOSTON  AND  ALBANY  RAILROAD  COMPANY. 


Unltn  Ettetrit  Slgimlt.    Ocinitr,  iSSj,  It  Oeltttr,  rSS4. 
Number  of  Blocki  in  Opcnibn,  ;i  M  Si . 


No.  oTopenllDni, 

Slops  for  iwllchlng 

Stop*  fotbrokm  nil, - 

Stopi  for  npulrio^  tntk 

Slop!  Ibr  uilng  tingle  tnek,    ....... 

Siopi  loT  nccieci  of  tiackmco, 

5>op>  fbrnegkcl  of  mlnmen 

Stop!  lor  ncalect  of  (owerman, 

SlDpi  lot  n*cl«:[  of  union  agmt 

Slop*  fof  D^kcl  of  iwllcbnun 

Stapi  for  ngleci  of  ligniUmen, 

Stops  for  pctlecl  of  carpvnien, .  ..... 

Slopi  Ibr  nexleci  of  V.  S.  &  S.  Co.'i  mtn, 

Sup>  lor  IstlnE  ditull 

Stop*  for  lignal  &iled  to  change,  ihoi^ng  ufety. 
Stop*  Ibr  ^gp*]  &ilcd  to  dvnge,  showing  danger^ 

Stops  lot  diaiilic  condilioBi, 

sup*  for  unlfglited  ilgniils, 


ij  3«4S 

,,  ".o«ji9"r 


Approved,  G.  R.  HAKDY. 
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BOSTON  AND  ALBANY  RAILROAD  COMPANY 


■  ElfClric  Sir"^'-    JaxMaty,  1SS4,  In 
NumlKr  of  Bloclu  in  Opemtiw. 


|!            Operation.. 

Slop,  for  l,:.m>i,,«cd™ 

'     k 

Sa. 

"•"■  1     '"       -ra- 

i!-„v 

, 

Scopi  fcr  nttf  eci  of  ituion  igeni, 

4B1. 

■ 

»»8 

-3«M 

Stopi  for  lieul  failed  10  donse.  ibowing  ufety. 
Slops  for  ligni]  £illcd  to  change,  thawing  danger. 

IM- 

Supttbrunllghledoignali 

T^,- 

1 

Total 

»0 

G,  W.  BLODOETT. 


Approved,  G.  R.  HARDY. 
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The  signals  upon  this  road  were  first  used  in  April,  1882.  The 
total  number  is  about  100.  The  distance  between  the  signal 
stations  is  about  one-fourth  of  a  mile  as  far  as  the  Providence  cross- 
ing, about  one-half  mile  apart  for  two  miles  out,  and  for  the 
remaining  nine  miles  about  one  mile  apart. 

The  numbers  in  the  first  column  represent  the  useful  work  of  the 
signals.  The  numbers  in  the  second  column  represent  the  failures 
due  to  neglect  on  the  part  of  employes  in  charge  of  the  signals, 
and  in  the  third  section,  the  failures  to  be  charged  to  the  system 
itself  The  figures  in  bold-face  types  represent  the  totals  in  each 
column. 

It  will  be  noticed  that  the  number  of  failures  due  to  climatic 
conditions  is  unexpectedly  large.  They  are  for  the  most  part  due 
to  the  completion  of  the  circuit  between  the  rails  through  water 
containing  a  large  percentage  of  salt  standing  upon  the  track. 

It  will  be  seen  also  that  the  number  of  cases  when  a  safety 
signal  was  shown  when  a  danger  signal  should  have  been  set,  is 
apparently  much  larger  than  upon  other  roads.  This  is  without 
doubt  largely  due  to  the  strict  accuracy  with  which  the  record 
has  been  kept.  The  number  of  broken  wires  is  not  shown  sepa- 
rately in  this  report,  but  it  is  comparatively  very  small.  The  con- 
nections between  the  rails  are  now  made  with  two  wires  instead  of 
one,  as  formerly. 

PROVIDENCE  AND   WORCESTER    RAILROAD. 

The  study  of  the  operation  of  the  signals  upon  this  road  has  been 
reduced  to  a  science  by  the  Superintendent,  Mr.  W.  E.  Chamber- 
lain. His  reports  to  the  Railroad  Commissioners  of  Rhode  Island 
may  be  said  to  form  the  first  complete  demonstration  from  a*  dis- 
cussion of  the  records  kept  of  the  feasibility  of  this  system  of  signals 
in  the  ordinary  operations  of  a  road. 

These  signals  were  first  put  in  operation  in  April,  1882.  There 
are  twenty  eight  on  the  lirst  division,  which  extends  from  Providence 
to  the  Boston  Switch  at  Central  Fails,  The  signals  upon  the 
second  division,  which  extends  from  Boston  Switch  to  Worcester, 
thirty-nine  miles,  were  introduced  November,  1883.  They  number 
forty-eight.  In  the  operation  of  these  signals,  engineers  are  gov- 
erned by  the  following  instructions: 
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(I.)  When  a  signal  shows  danger  you  will  come  to  a  full  stop 
before  entering  the  block  which  said  signal  protects,  or,  if  a  special 
signal,  you  will  come  to  a  full  stop  before  covering  the  switches  it 
protects.  You  may  then  proceed  carefully,  but  under  full  control, 
expecting  to  find  the  block  obstructed,  or  a  switch  set  wrong,  or  a 
rail  broken.  If  no  trouble  is  found  and  the  next  signal  is  at  "safety," 
you  may  proceed  at  usual  speed,  but  if  at  danger  proceed  as  before 
from  block  to  block  until  the  obstruction  is  passed.  Report  all 
stops  or  detentions  on  blanks  furnished  for  that  purpose. 

(2.)  All  signals  now  in  use,  and  all  rules  in  force  governing  the 
safety  of  trains,  will  continue  to  be  used  until  further  orders. 

{3.)  Study  carefully  the  description  of  blocks  and  special  signals. 

Road  masters  and  section  foremen  will  thoroughly  post  them- 
selves in  regard  to  the  working  of  the  electric  signals,  and  teach 
their  men  to  keep  the  track  wires  and  insulations  in  perfect  order, 
bearing  in  mind  that  on  you,  in  a  measure,  depends  the  proper 
working  of  the  signals.  No  rail  or  frog  must  be  changed  (except 
in  case  of  emergency),  unless  the  foreman  in  charge  of  signals  is  on 
hand  to  make  the  proper  connections. 

At  my  request,  Mr.  Chamberlain  has  kindly  made  up  a  sum- 
mary of  the  operation  of  the  signals  to  October,  1 884. 

It  is  as  follows : 
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an  Switch  and  Signal  Company. 
IT  a  sufficient  length  of  time  for 
■ary  to  a  complete  discussion  of 
fa  continuous  record,  the  fol  low- 
Mr.  Childs,  General  Superinten- 
Company  is  given,  as  indicating 
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NEW   YORK,    ONTARIO    AND   WESTERN    RAILWAY   COMPANY. 

Walkill  Valley  RaUroad  Company. 

General  Superintendent' s  Office,  No.  24  Stale  Street. 
J,  £.  Childs,  General  Superintendent. 

New  York,  November  13,  1884. 
Thomas  W,  Spencer,  C.  E.,  Inspector  for  Board  of  Railroad  Com- 
missioners, of  the  State  of  New  York,  Utica,  N.  Y. 

Dear  Sir: — lamia  receipt  of  your  favor  of  November  nth,  and 
take  pleasure  in  giving  you  information  in  relation  to  the  electric 
and  pneumatic  signals. 

These  signals,  as  you  are  aware,  are  located  upon  thirteen  miles 
of  the  West  Shore  Road,  immediately  south  of  Cornwall,  which  is 
operated  by  this  company  under  a  long  lease. 

This  portion  of  the  track  used  by  the  West  Shore  and  Ontario 
and  Western  Companies,  lies  along  the  foot  of  Dunderberg,  Storm 
King.  Cro'  Nest,  and  other  mountainous  regions  of  the  highlands 
of  the  Hudson,  where  the  rocky  cliffs  on  the  one  side  and  the  very 
deep  water  on  the  other  necessitates  many  sharp  curves.  In  some 
cases  the  water  in  the  river  was  ninety  feet  deep,  only  twenty  feet 
from  the  shore  with  bottom  of  shelving  rock,  where  we  were  unable, 
to  make  an  embankment,  and  were  obliged  in  several  instances  to 
put  in  long  spans  of  iron  bridges.  We  also  have  on  this  thirteen 
miles  two  jack-knife  draw-bridges,  one  Cantilever  bridge,  one 
tunnel,  and  the  sharpest  curves  upon  the  road. 

It  was  considered  advisable  on  account  of  these  objectionable 
features  of  this  portion  of  the  line,  to  place  upon  it  the  best  system 
of  automatic  signals  that  could  be  found.  Mr.  George  Westing- 
house,  of  Pittsburg,  having  just  procured  letters-patent,  upon  his 
automatic,  electric  and  pneumatic  block  signals,  we  arranged  with 
him  to  equip  this  thirteen  miles  of  the  line. 

The  power  used  for  compressing  the  air  is  furnished  by  two  ten 
horse-power  engines  located  near  either  extremity  of  that  portion 
of  the  line  which  is  covered  with  the  block  signals. 

The  air,  after  being  compressed,  is  passed  through  coils  of  pipe 
and  two  cylinders  where  it  is  cooled,  after  which  it  is  sent  through 
a  pipe  one  inch  in  diameter  which  is  laid  between  the  tracks.  At 
intervals  of  three-fourths  of  a  mile  we  have  established  semaphore 
signals  f>r  each  track.     These  signals  are  located  at  points,  where 
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they  can  be  seen  Tor  the  greatest  distance,  and  are  connected  by  a 
pipe  with  the  main  air  pipe  lying  between  the  tracks.  The  signals 
are  operated  by  compressed  air  cylinders,  the  valves  of  which  arc 
controlled  by  electric  currents,  one  of  which  passes  over  the  line 
on  telegraph  poles  and  the  other  through  the  rails.  The  signals 
are  controlled  by  short  circuiting  electric  current  in  the  rails  when 
a  train  or  engine  passes  over  the  track,  the  current  passing  through 
the  wheels  and  axles  from  rail  to  rail.  Opposite  each  semaphore 
signal  is  a  battery  well  built  of  brick  below  the  surface  of  the 
ground,  and  contains  for  each  semaphore  signal  a  seven  jar  battery. 

Wl;en  a  train  passes  into  the  block,  the  signal  immediately 
behind  the  train  shows  both  arms  at  a  horizontal  position  by  day, 
and  two  red  lights  by  night;  this  is  called  an  absolute  danger 
signal;  or  the  second  "danger"  position.  The  second  signal  from  the 
rear  of  the  train  shows  the  upper  arm  in  an  inclined  and  the  lower 
arm  in  a  horizontal  position  by  day,  and  a  red  and  white  tight  by 
night;  this  is  called  the  lirst  danger  position. 

You  will  see  by  this  system  that  when  one  train  follows  within 
one  mile  and  a-half  of  another,  they  are  warned  that  a  train  is  pre- 
ceding them  and  the  first  appearance  of  the  signal  nut  only  indi- 
cates danger,  but  absolutely  locates  it ;  for  instance,  if  the  engineer 
sees  a  signal  with  the  upper  arm  inclined  and  the  lower  arm  hori- 
zontal, or  showing  a  red  and  white  light,  he  knows  that  a  train  is 
ahead  of  him,  but  that  the  block  immediately  ahead  of  this  signal  is 
clear  and  that  the  train  or  obstruction  is  upon  the  second  block. 
If  he  sees  a  signal  with  both  arms  pn^jecting  in  a  horizontal 
position,  or  showing  two  red  lights,  he  knows  that  the  danger  is 
imminent  and  that  the  train  or  obstruction  of  some  nature  is  upon 
the  block  ahead  of  this  signal. 

I  enclose  a  book  of  instructions  to  employes,  which,  without 
describing  the  details  of  the  signals  at  all,  gives  them  all  the  infor- 
mation which  they  require  and  shows  the  simplicity  of  the  system. 

In  addition  to  this,  we  have  every  switch  upon  this  portion  of  the 
line  interlocked  with  the  circuit  in  the  track  in  such  a  manner  that 
whenever  the  switch  Is  opened  two  danger  signals  are  shown  upon 
the  main  track  from  which  the  switch  is  turned.  The  electric  cur- 
rent also  passes  into  the  rails  of  the  side  tracks  out  to  the  clearance 
distance,  so  that  should  a  car,  standing  on  the  side  track,  be  moved 
by  malicious  persons,  or  should  it  be  blown  by  the  wind  to  a  point 
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where  it  might  interfere  with  the  traffic,  two  danger  signals  are 
immediately  placed  automatically  on  the  track  in  the  direction 
from  which  trains  approach. 

We  also  have  two  draw-bridges  which  are  connected  with  this 
^stem  in  the  following  manner :  The  two  jack-knife  bridges  on  this 
portion  of  the  line  are  connected  with  this  system  without  changing 
the  form  of  the  automatic  signals,  two  of  them  being  made  to  act  as 
distance  and  home  signals  for  the  draw-bridge.  When  a  train 
approaches  within  S.OOO  feet  of  the  bridge,  an  electric  bell  is  sounded 
continuously  directly  over  the  head  of  the  watchman  who  attends 
to  the  draw-bridge,  warning  him  that  the  train  is  approaching  and 
that  he  must  not  open  the  draw.  This  bell  rings  from  the  time 
the  train  passes  over  a  point  8,000  feet  until  it  passes  a  point 
7,oao  feet  from  the  draw-bridge  when  the  gong  ceases  to  sound. 
If,  djring  the  time  the  train  is  running  from  the  8,000  feet  to  the 
7,000  feet  point,  the  watchman  should,  contrary  to  instructions, 
undertake  to  open  the  draw-bridge,  he  cannot  do  so  without  first 
setting  two  danger  signals  in  the  face  of  the  train  while  the  train  is 
still  one  and  one-half  miles  distant  from  the  bridge.  After  the 
train  has  passed  over  the  point  7,000  feet  from  the  draw-bridge,  the 
draw-bridge  is  locked  by  electricity  and  cannot  be  opened.  As 
these  draw-bridges  are  on  double  track  the  signals  operate  in  the 
same  manner  for  both  directions. 

This  I  consider  a  very  perfect  system  for  the  protection  of  a 
draw-bridge,  and  I  could  only  suggest  one  improvement,  which  we 
are  now  considering  ;  that  is,  to  have  a  switch  near  the  draw-bridge 
which  shall  throw  the  train  off  the  track  rather  tlian  let  it  into  the 
draw  in  case  the  engineer  disregards  the  signals. 

We  also  have  some  crossings  protected  by  electric  bells,  which 
ring  at  the  crossing  when  a  train  approaches  from  either  direction 
within  one  mile,  and  the  bell  continues  to  ring  until  the  train  has 
passed  the  crossing. 

We  also  have,  aside  from  the  block  system,  an  electric  tunnel 
block  signal,  protecting  trains  while  passing  through  Haverstraw 
Tunnel,  which  works  automatically.  When  a  train  reachesa  point 
within  2,000  feet  of  the  tunnel,  by  short  circuiting  an  electric  cur- 
rent in  the  track,  a  danger  signal  is  set  in  the  rear  of  the  train, 
which  remains  at  "danger"  and  prohibits  other  trains  from  entering 
the  tunnel   until  this  train  has  passed  entirely  through,  and  2,000 
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feet  beyond  the  tunnel,  when  the  sii^nal  goes  to  "safety,"  and  the 
track  is  clear  for  following  trains. 

I  have  kept  an  accurate  account  of  all  failures  which  have 
occurred  upon  the  line,  and  have  sent  copies  of  monthly  report  to 
the  General  Manager  of  the  Union  Switch  and  Signal  Company,  of 
Pittsburg,  and  am  assured  by  him  that  the  percentage  of  failures  is 
much  less  than  upon  any  other  systems  of  signals  that  has  ever 
been  invented. 

Enclosed  I  send  you  a  copy  of  report  of  failures  of  the  signals  for 
the  month  of  October.  During  this  period  1,065  trains  passed  over 
this  portion  of  the  line.  There  are  in  all  forty-five  signals,  including 
the  home  and  distance  signals  for  the  draw-bridges,  making  47,925 
signal  movements  during  the  month.  From  the  attached  report, 
you  will  see  that  the  total  number  of  failures  during  this  period 
were,  including  October  28th,  when  a  break  occurred  in  the  main 
pipe  at  Fort  Montgomery,  which  set  all  signals  at  danger,  was 
sixty-eight  failures,  or  about  one-seventh  of  one  per  cent. 
Report  of  Failure  oj  Auiomalic  Sunaphon-  Signals  on  Nc-w    York,  Ontario 


Western  Railway  Company.  Hudson  River  Dt 

^vision. 

October,  1S84. 

Nmrniri./ 

Nluri  a»i  Caoti  ^  Finli. 

PmtUm  qf  BlatU. 

37  and  39 

Broken  battery  jar. 

Danger. 

36 

Weak  battery. 

Danger. 

1.9.  '5. '7 

Broken  battery  jar. 

Danger. 

19 

Weak  battery. 

Danger. 

7  and  9 

Broken  guard  rail 

Danger. 

iB  and  2o 

Track  wires  out  of  rail,  01 

n  lona 

Island  trestle. 

Danger. 

23 

Broken  jar. 

Danger. 

25  and  27 

Broken  jar,  leak  in  mail 

1  pipe 

caused  by  slack  uni< 

Dn. 

Danger. 

36 

Broken  jar. 

Danger. 

9,  9  and  1 1 

Weak  battery. 

Danger. 

27 

Spike     between     cross-o  v  e  r 

rails  at  West  Point. 

Danger. 

9 

Signal  would  not  go  to  danger  ; 

armature    screwed 

down, 

could  not  open. 

Safety. 

all 

Break  in  main  pipe  at 

Fort. 

Montgomery. 

Danger. 

12  and  14 

Weak  battery. 

Danger. 

(Signed) 

G.  W.  Bradlev,  Su 

pi.  Hudson  River  Di% 

To  ].  E.  Childs,  General  Superintendent. 
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You  will  observe  that,  with  only  one  exception,  the  signals  went 
to  danger,  and  consequently  caused  no  harm,  other  than  a  slight 
delay  to  traffic. 

These  signals  have  l>een  in  operation  since  April  i,  1884,  and  in 
that  time  but  two  failures  of  the  signals  where  they  were  at  safety, 
and  should  have  indicated  danger,  have  been  reported. 

You  will  also  observe  that  a  number  of  failures  occurred 
through  broken  battery  jars.  We  find  these  jars  were  too  light, 
and  are  now  substituting  heavier  ones. 

You  have  no  doubt  seen  reported  in  the  papers  that  an  engine 
ran  into  Popolopen  {?  Ed.  Com.)  draw-bridge,  in  the  month  of 
October.  This  was  not  through  any  failure  of  the  signals,  as  the  en- 
gineer admitted  having  passed  the  distance  signal  7,000  feet,  and  a 
home  signal  650  feet  from  the  draw,  both  set  at  danger. 

From  experiments  recently  made,  I  believe  that  this  thirteen 
miles  of  automatic  block  signals  can  be  operated  with  one  engine  if 
located  at  a  point  about  the  centre  of  the  system,  and  I  shall  make 
the  change  in  a  few  weeks,  which  will  reduce  the  cost  of  operating 
the  signals. 

I  shall  be  glad  to  furnish  you  any  other  information  on  the 
subject  at  any  time.  Yours  truly, 

(Signed)  j,  E.  Childs,  General  Supt. 
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The  hall  SYSTEM. 

The  only  road  completely  equipped  with  this  system  is  the  New 
York  and  New  Haven  Railroad.  In  view  of  the  fact  that  the  order 
of  the  superintendent  of  this  road,  that  no  engineers  shall  in  any 
case  enter  a  section  until  a  safety  signal  is  shown,  is  an  iron- 
clad rule,  whose  violation  is  immediately  followed  by  removal,  the 
inference  may  be  fairlydrawn  that  the  mechanism  of  this  system  is 
very  perfect  and  very  certain  in  its  action.  Inasmuch  as  an  official 
statement  of  the  observance  of  this  rule  would  add  greatly  to  public 
confidence  in  the  value  of  the  system,  a  letter  of  inquiry  was 
addressed  to  Hon.  Geo.  H.  Watrous,  President  of  the  road.  In 
reply,  the  following  communication  was  received : 

Office  of  New  York,  New  Haven  &  Hartford  Railroad  Company. 
New  York,  February  7,  1885. 
Hon.  George  H.  Watrous,  President,  etc..  New  York. 

Dear  Sir : — In  reply  to  yours,  asking  for  report  of  the  performances  of  the 
Hall's  Signals,  now  in  service  on  New  York  Division,  I  would  say :  They 
have  never  failed  to  perform  their  service  ;  that  is,  they  never  have  failed  to 
show  danger  when  they  should. 

The  principle  in  their  construction  is  such  that,  if  the  battery  is  not  kept  up, 
or  if  the  wire  breaks,  or  any  of  the  mechanical  parts  give  out,  the  signal  will 
immediately  go  to  "  danger,"  and  will  remain  so  until  it  is  attended  to  ;  the 
normal  condition  of  the  signal  being  danger. 

//  is  the  electric  current  that  holds  the  signal  tip  clear. 

Since  the  signals  have  been  in  operation  on  the  New  York  Division,  we 
have  had  trains  slopped  on  account  of  signal  showing  danger  (when  there 
was  no  train  in  the  section  ahead)  from  the  following  causes  : 

Weak  battery,  18  limes  ;  Stuck  spindle,  5  times  ; 

Broken  wire,  3  times ;  Loose  connection,  once ; 

Broken  levers,  3  times;  Wires  crossed,  4  times  ; 

Weak  spring,  3  times ;  No  cause  given,  3  times. 

Below  please  find  answers  to  the  questions  which  Mr.  Rogers  asks  in  his 
letter  to  you,  and  which  you  desire  nie  to  answer. 

Question  First :  "  Do  the  signals  ever  indicate  'safety' when  they  should 
indicate  '  danger,'  and  under  what  circumstances  or  conditions  ?" 

Answer  :  No ;  the  signals  cannot  show  "  safety"  when  they  should  indicate 
"danger."  When  a  train  hasset  the  signal,  it  cannot  be  cleared  until  that  train 
has  passed  out  of  the  section,  running  over  the  release,  or  cleared  by  the 
agent  at  the  station. 

In  explanation,  I  would  say,  that  there  is  a  key  in  the  ticket  office,  at  the 
station  where  the  signals  are  located,  which  allows  the  agent  to  clear  the 
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Signal,  after  it  has  been  set  by  a  train  passing  over  it,  and  that  train  (instead 
of  going  beyond  the  station  and  running  over  the  release)  stops  and  goes  in 
«n  a  turn-out  at  the  station.  When  the  train  is  in  on  a  turn-out  all  dear,  the  con- 
ductor reports  to  the  agent,  and  he  can  then  clear  the  signal  to  let  another 

Question  Second;  "  As  a  matter  of  railroad  economy,  is  the  operation  of 
the  signals  so  nearly  perfect,  that  you  can  afford  to  enforce  the  iron-clad  rule 
of  absolutely  forbidding  the  entrance  into  a  section  until  the  signal  passes 
from  '  danger  '  to  '  safety  '?" 

Answer :  Yes,  that  is  just  what  we  are  doing.  No  train  is  allowed  to  pass 
a  signal  when  it  shows  red,  without  orders  to  do  so. 

In  explanation  of  this  I  would  say,  if  a  train  reaches  a  signal  and  it  shows 
red,  the  train  stops. 

After  the  train  has  remained  there  ten  minutes  and  the  signal  does  not 
clear,  it  indicates  either  that  the  signal  does  not  work,  or  else  something  has 
happened.to  the  train  that  is  ahead  in  the  section. 

Under  these  circumstances,  when  the  train  that  is  stopped  by  the  red 
signal,  has  remained  there  ten  minutes,  it  is  then  {as  required  by  our  rules) 
ten  minutes  behind  the  preceding  train. 

The  conductor  then  has  orders  to  send  his  brakeman  ahead  with  a  red  flag, 
and  after  he  has  been  gone  five  minutes,  he  can  allow  his  train  to  follow, 
running  very  slowly  (not  over  five  miles  per  hour),  until  the  next  station  is 
reached.  There  the  train  stops,  and  the  conductor  goes  to  the  station  telegraph 
ofBce  and  repiorts  to  the  Superintendent. 

If  there  is  no  train  ahead  of  him  in  the  section,  it  shows  that  the  signal  is 
not  working.  He  then  receives  orders  from  the  Superintendent  to  proceed, 
and  the  station  agent  receives  orders  to  put  a  green  disc  in  that  signal  case. 
which  indicates  that  the  signal  is  out  of  order  and  trains  can  proceed  through 
that  section  very  cautiously. 

In  conclusion,  1  would  say  that,  since  the  signals  have  been  placed  upon 
the  road,  I  have  watched  them  closely.  There  has  never  been  any  failure,  so 
far  as  I  know,  in  their  working.  As  I  said  before,  if  anything  happens  to  the 
wire,  or  the  current  is  destroyed,  or  the  mechanical  parts  need  renewing,  the 
signal  immediately  goes  to  "danger"  as  it  should  ;  but  the  signal  cannotshow 
"cltar''  wkiti  it  should  shoiv  "  danger,"  atiA  1  would  feel  perfectly  safe  with  the 
Hall  Signal,  knowing  that  if  they  were  used  over  the  entire  length  of  our  road 
as  a  block  system,  one  train  could  not  possibly  be  in  the  section  with  another 
train,  at  the  same  time,  if  the  »gnal  was  obeyed. 
Respectfully  yours, 

William  H.  Stevenson. 

SufieriniendeHl. 

This  positive  testimony  in  favor  of  the  Hall  system  would 
seem  to  indicate  that  it  is  well  adapted  to  meet  the  complicated 
requirements  of  a  great  railroad.  The  improvement  over  the  old 
Hall,  or  open  circuit  system,  is  very  marked.     It  should  be  said. 
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however,  that  the  old  Hall  system  is  still  in  auccessful  operation  on 
the  Worcester  Division  of  the  Boston  and  Albany  Railroad.  Daily 
and  monthly  reports  of  the  operation  of  these  signals  are  made  up 
in  the  office  of  the  engineer  of  the  road,  showing  results,  which 
though  not  equal  to  those  obtained  under  the  Union  Switch  and  Sig- 
nal Co.'s  system  at  the  Boston  end  of  the  road,  are  however,  quite 
satisfactory.  In  illustration  of  the  great  improvement  which  has 
been  made  since  the  introduction  of  electric  signals,  the  following 
reports  are  extracted  from  the  Report  of  the  the  Board  of  RailrOad 
Commissioners  of  Massachusetts  for  iSSo,  pp.  210,  211. 


REPORTS  ON  THE  OPERATIONS  of  ELECTRIC  SIGNALS. 

Boston  &  Albany  Railroad  Compakv, 
Boston,  December  13.  1879. 
Dear  Sir: — In  reply  to  your  questions  concerning  the  Hall  Signals,  I  send 
you  a  comparative  statement  for  the  years  ending  November  30,  1878  and 
1879.  The  whole  number  of  slops  made  by  trains  in  1879,  caused  by  other 
trains  in  the  section,  was  1,689.  Stops  made  for  cause  unknown,  1,573.  So 
far  as  we  can  tell,  these  stops  were  unnecessary.  The  number  of  signals  not 
working  is  4.,344.  In  these  cases  caution  would  be  indicated,  and  the  danger 
signal  would  not  be  shown  to  a  following  train,  during  the  time  the  preceding 
train  was  in  that  section.  We  continue  our  rules  for  guarding  the  rear  of 
trains,  and  do  not  rely  upon  the  signals  at  any  time.  Connected  with  switches 
and  tiells  at  highway  crossings,  the  system  works  very  very  well.  There  are 
39  signals  east  of  South  Framingham  which  are  operated  2,748  times  daily 
(Sundays  excepted),  and  350  times  on  Sunday.* 

Vours  respectfully, 

W.  H.  Barnes. 
D.  W.  Lincoln,  Esq.,  President  Soslon  and  Albany  Railroad. 


Comparative  Statement  of  the  Working  of  //ail's  Signals  for  the  Year 
Ending  November  jo,  1878  and  i8?f>. 

iSjs.  isn. 
Trains  stopped  by  another  train  In  section,  .  1,613  1,689 
Trains  stopped,  cause  unknown,    .        .        .  624        1,573 

Failed  to  work 2,800       4,344 

•Th<  ptoduo  of  th(  number  of  ligiuls,  mulclpUti]  by  the  number  at  Inhu  puiLug  gind  uUni  ob 
m  during  tbe  ycu,  ib  S7S,334,  and  ii  Ihc  number  oT  Umei  i^uirhig  the  movenenl  of  k  figiul^  to. 
.1  Ihe  number  of  reported  ^ituret  to  act— 4.j4|— !■  one  In  aoa  times. — CommitfiffMtrt. 


ogle 


65 

Eastern  Railroad  Company, 
Boston,  December  az,  1879. 
W.  A,  Crafts,  Esq.,  Clerk  Board  Railroad  Commissioners. 

Dear  Sir; — In  reply  to  your  inquiry  for  infonnadon  in  regard  to  the  work- 
ing of  our  automatic  signals  during  the  past  year,  I  will  give  the  following 
information : 

As  you  will  recollect,  I  made  a  report  on  12th  of  August,  in  which  was 
briefly  described  the  working  of  our  modified  Hall  system,  with  a  list  of  its 
&ilures  during  a  period  of  some  months. 

Since  that  date  the  operation  has  been  still  more  satisfactory ;  as,  for 
instance,  in  November,  when,  from  approach  of  winter,  an  increased  number 
of  failures  might  naturally  be  expected.    The  following  are  the  facts: 

Whole  number  of  stops  during  month,  27. 


Spindles  stuck,  . 

Wires  crossed,    . 

Section  men  movii^  material. 

Trains  in  section, 


On  the  whole,  while  the  system  is  not  perfect,  it  has  given  very  fair  satis- 
fection,  and  is  a  great  help  to  the  safe  and  economical  working  of  the  road. 
Up  to  the  present  time  know  of  nothing  better. 
Yours  truly, 

E.  B.  Phillips, 

President. 

Fitch  BURG  Railroad, 
Boston,  Mass..  Dec.  la,  1879. 
Hon,  Thomas  RiresELL.^.*.  Commissioner,  No.  7 Pemberton  Square.  Boston. 

Dear  Sir: — Your  favor  of  the  8lh  inst.,  addressed  to  the  President,  in 
reladon  to  the  Union  Electric  Signal  Company's  signals  in  use  on  this  road, 
has  been  referred  to  me. 

Please  find  enclosed  herewith  a  tabulated  statement,  which  I  have  had 
prepared  for  you  from  the  reports  rendered  by  the  enginemen,  showing  the 
number  of  times  the  signals  have  been  found  at  danger,  and  the  causes,  from 
May  I  to  November  15,  1879,  inclusive. 

The  total  number  of  regular  week-day  trains,  which  have  passed  over  the 
larger  portion  of  the  signals,  during  the  period  covered  by  this  statement,  is 
12,313 ;  and  the  number  of  extra  trains,  shifting  engines,  etc.,  is  undoubtedly 
half  as  many  more,  making  the  total  number  of  week-day  trains  1 8,468,  which 
is  an  average  of  108  trains  per  week-day. 

We  think  they  are  a  success,  and  that  they  add  materially  to  the  safety 
of  the  trains.  An  important  feature  in  this  system  is,  that,  if  it  fails  to 
operate,  it  cannot  endanger  the  trains. 
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For  further  information  in  regard  to  them,  I  would  refer  you  ti 
inunication  of  August  15th  last,  addressed  Ot  jour  Bond  i 
inquiries  upon  the  subject,  as  cbe  fects  remain  substantiaJiy  unchanged.* 
Respectfully.  John  Adaus, 

Genera/  SupermieHdent. 

Tabulated  Statement  of  Reportt  in    regard  to  Electric  Signalt  found  at 
Danger  on  the  Fitchbwg  Railroad,  from  May  1  to  November  vj,  i8yg, 

inelusrve. 


!  I 

i  i 
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The  railway  CAB  ELECTRIC  SIGNAL  COMPANY. 

This  system  is  in  use  in  this  country  only  upon  the  Staten  Island 
Railroad.  At  the  time  of  the  inspection  already  referred  to,  it  had 
been  in  operation  about  four  weeks.  According  to  the  report  of 
the  engineer  of  the  traiii,  there  had  at  that  time  been  no  failure. 

The  system  was  first  tested  in  Austria.  The  company  offers  the 
following  testimony  of  its  successful  operation  there : 

\_TranslaUd  Copy."] 
IMPERIAL    ROYAL    DIRECTION  of  the    STATE   RAILROADS  OP 

AUSTRIA  IN  VIENNA. 
No.  }f.  Vienna,  February  24,  1884. 

The  HottorabU,  Sir  Thomas  C.  Miles,  Colonel  and  Adjutant  : 

In  reference  to  your  honored  favor  of  January  19th,  I  honor  myself  to 
communicate  to  you  the  following:  The  experimental  section  is  situated 
beyond  Purkersdorf,  where  the  Putnam  signal  system  is  being  tested ;  to 
prove,  first,  the  insulation  of  the  rails,  and,  second,  the  sure  and  continued 
sounding  of  the  whistie  signal  on  moving  trains,  which  has  been  operated 
since  October  14,  1883.  From  this  date,  October  14th,  to  the  end  of  December, 
1883,  the  locomotive  provided  with  the  signalmachinery  ran  sixty-three  times. 
In  two  cases  the  function  failed,  namely,  on  November  loth  and  December 
24th,  in  consequence  of  disturbances  in  the  dynamo  machine;  while  in  sixty- 
one  cases  the  apparatus  acted  normally.  The  tests  will  be  continued  and 
further  results  communicated  to  the  Honorable  Sir. 

The  First  President, 
(Signed)  CzEDiK, 


{Translated  Copy^ 
IMPERIAL    ROYAL    DIRECTION    of  the  STATE   RAILROADS    of 

AUSTRIA  IN  VIENNA. 
No,  fj.  Vienna,  May  8.  1884. 

The  Honorable,  Sir  Thomas  C.  Miles,  Colonel  and  General  Manager  : 

In  answer  to  your  favor  of  March  33d,  I  honor  myself  by  communicating 
to  yon  that  the  f^lur«s  in  the  operation  of  the  Putnam  signal  alarm  apparatus 
in  the  section  of  experiment  rear  Kellerwiese,  which  took  place  November 
loth  and  December  24th,  of  last  year,  and  mentioned  in  the  letters  f{,  accord- 
ing to  the  investigation  made  on  this  subject,  were  called  forth  by  defects 
in  the  mechanism  on  the  locomotive,  and  not  by  the  constructive  principle 
of  the  Putnam  system. 

For  the  Imperial  Royal  Director, 
(Signed)  Siegeu 


„iz=..,CA)t)c^[c 


ITransiaUd  Copy.'\ 
IMPERIAL   ROVAL  DIRECTION    ot    the  STATE    RAILROADS    of 

AUSTRIA  IS  VIENNA. 
No.*f(i-.  Vienna,  July  i,  18S4. 

Tht  HtmorabU,  Sir  Thomas  C.  Miiet,  Coionel  and  Adjutant : 

In  answer  to  your  esteemed  letter  of  June  i8tb,  I  honor  myself  by  com- 
municating to  you  in  referenre  to  my  letter,  No.  ff,  dated  Febniaiy  24,  1S84. 
that  the  locomotive  equipped  with  the  Putnam  signal  system  machinery,  has 
run  on  the  section  near  to  (he  station  Kellerwiese,  244  times,  from  the  Gist  of 
January  to  the  last  day  of  May,  and  the  alann  apparatus  has  operated  nor- 
mally, with  the  exception  of  two  cases.  These  two  cases  occurred  on  the 
3tst  of  January  and  totb  of  April,  and  the  cause  of  the  first  case  was  the 
tearing  of  the  wire  of  connection  between  the  locomotive  and  the  tender ;  in 
the  second  case,  by  the  magnet  becoming  loosened. 

'  The  First  Piesident, 
(Signed)  Czedik. 

Extracts  frtMn  a  voluminous  report  of  the  Imperial  Royal 
Austrian  State  Railways,  made  at  Vienna,  December  5,  1S84 : 

This  engine  has  passed  over  the  insulated  paints  near  Kellerwiese  from 
October  15, 1883,  to  August  II,  1884 — 350  times,  and  in  these  350  trips  the  appa- 
ratus has  failed  to  operate,  thai  is,  the  steam  whistle  has  not  ^blown,  five  times. 
These  five  failures  occurred  on  the  following  dates — November  10,  December 
24,  l883,and  January  31,  April  10,  and  July  6,  1884.  The  first  failure  was  owing 
to  the  bet  that  the  armature  did  not  fall  on  account  of  abent  screw,  the  second 
was  due  to  the  failure  of  the  steam  valve  ;  the  three  other  failures  were 
caused  by  the  breaking  of  the  wire  between  engine  and  tender.  As  far  as 
the  introduction  of  an  automatic  system  of  railroad  signals  may  be  considered 
desirable,  it  must  be  admitted  that  the  Putnam  system  is  far  ahead  of  any 
other. 

In  conclusion,  the  following  report  of  Mr.  Kintner  is  added  as 
an  independent  estimate  of  the  three  systems  of  signals  offered  for 
examination.  The  objections  noted  in  my  examination  are  nearly 
identical  with  those  enumerated  by  Mr.  Kintner.  It  will  be  suffi- 
cient, therefore,  to  refer  to  his  report : 

NOTES  OF  C.J.  KINTNER  upon  EXHIBITS  Of  RAILWAY  SIGNALS. 

October  3,  1884- 
pROr&ssoR  W.  B,  Rogers. 

Dear  Sir ; — In  conformity  to  your  verbal  request  of  the  2d  inst.  to  the 
effect  that  the  Sub-Committee  on  Railroad  Signals,  of  which  you  are  Chairman, 
should  offer  individual  suggestions  upon  which  to  base  your  report,  I  b^  to 
offer  the  following: 
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The  exhibits  are: 

(i.)  The  Putnam  Cab  Company. 

(2.)  The  Hall  Signal  Company. 

(3. J  The  Union  Switch  and  Signal  Company. 

Taking  them  in  the  order  named,  1  will  pass  upon  them  as  follows  : 

The  Cab  signal  embraces  : 

(1.)  A  block  signal  system. 

(2.)  A  road  crossing  signal  system  and  gate. 

(3,)  A  misplaced  switch  and  bridge. 

The  desirable  features,  which  make  it  particularly  valuable,  are  : 

(/.)  Audible  signals  are  given  of  the  condition  of  the  track  crossings,  etc., 
on  board  the  locomotive  by  a  trembler  bell,  which  warns  the  engineer  by 
ringing  that  danger  is  imminent.  This  feature  is  valuable  in  itself,  in  view  of 
themany  accidents  which  occurthrough  colorblindness,  and  where  night  signals 
are  set.  It  is  sure  of  action  (provided  the  electrical  circuits  are  carefully 
secured)  in  all  kinds  of  weather,  foggy,  rainy  or  during  bhndingsnow.  These 
features  commend  the  system.  The  block  arrangement  appears  to  be  effec- 
tual, and  so  far  as  I  can  ascertain,  very  certain  in  its  action.  I  think  with 
properly  insulated  circuits,  there  can  be  no  question  as  to  the  efficiency  of  this 
system.  The  drop  gates  also  deserve  commendable  mention  for  the  simpli- 
city and  ease  of  action,  thus  rendering  road  crossings  more  secure  against  a 
dangerous  class  of  accident.  1  think  this  feature  deserves  especial  notice  in  be- 
half of  the  public  welfare. 

The  operation  of  the  signaling  electro-magnetic  apparatus  by  a  dynamo, 
driven  by  an  engine  on  the  locomotive,  is  also  a  very  desirable  feature,  render- 
ing the  signals  independent  of  batteries,  which  are  uncertain  in  their  action 
and  troublesome  to  keep  in  working  order.  As  to  the  advisability  of  independent 
conductors  apart  from  the  rail,  as  before  indicated,  perfect  insulation  and 
secure  fastenings  for  the  wires  should  be  used  to  render  them  free  from  mis- 
haps due  to  weather  and  track  walkers. 

This  system  is  based  solely  on  Putnam's  patents. 

It  is  to  be  noted  further  that  there  are  no  mechanical  signal  arms,  operated 
by  mechanism,  liable  to  get  out  of  order,  a  very  essential  element,  I  t^ke  it, 
in  any  such  apparatus.  With  this  mechanism,  as  in  all  devices  where  posi- 
tive action  is  demanded,  unvarying  in  its  actions  from  time  to  time,  this  is  a 
very  desirable  feature. 

As  to  dements,  there  is,  in  my  opinion,  one  essential  element  lacking,  vii. : 
a  means  of  showing  the  condition  of  the  track  on  intervening  portions  of  the 
sections,  such  as  broken  rails,  a  car  blown  or  run  by  accident  from  a  siding 
on  to  the  main  track.  These  features  must  enter  into  the  discussion,  and 
are,  in  my  opinion,  all-important  in  a  system  upon  the  accuracy  of  whose 
action  lives  and  property  depend.  Nor  does  this  system  adapt  itself  for  rail- 
road crossings  in  the  nature  of  blocking  the  egress  and  ingress  of  trains 
within  limits  of  the  crossings. 

(?.)  The  Hail  Signal  Company. 

This  system  embraces : 
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(i.)  Block  signals, 
(z.)  Switch  signals. 
[3.)  Railroad  crossings. 

Aerial  or  insulated  conductors  are  used  independent  of  the  rails.  The 
road  divided  into  sections  has  three  signals  dependent  upon  each  other,  so  that 
an  incoming  train  sets  the  signal  near  at  hand  at  "danger,"  releases  the  rear 
signal  at  the  rear  end  of  the  secdon  from  which  it  is  passing,  and  sets  it  to 
"  safety ; "  sets  the  distant  advance  signal  to  danger,  and  al!  are  connected  by 
interlocking  mechanism,  such  thai  only  a  proper  progress  of  the  train  actu- 
ates the  signals  in  their  order.  The  system  is  undoubtedly  a  good  one,  very 
positive  in  its  action,  works  well,  and  has  been  in  action,  1  am  advised,  on 
several  railroads,  where  it  gives  satisfaction. 

I  doubt  whether  the  vertically -swinging  signal  b  a  good  one  in  any 
■ystem,  inasmuch  as  there  is  too  much  strain  upon  the  parts  where  levers  have 
to  be  used  la  raise  an  arm  from  vertical  to  horizontal,  and  mechanism  acting 
in  such  a  manner  is  liable  to  get  out  of  repair.  There  is  the  further  objec- 
tion to  such  systems,  that  there  must  be  absolute  attention  given  to  winding 
up  the  signaling  actuating  mechanism,  to  repairing  the  parts,  and  oiling  the 
bearings,  restoring  the  batteries,  etc..  etc.  I  point  out  these  features  Co  show 
wherein  the  audible  signal  excels  the  visual,  inasmuch  as  the  mechanism  is 
much  simpler.  These  suggestions  have  their  bearing  on  the  question  of 
general  efficiency. 

As  to  the  railroad  crossing  signal  in  Hall's  system,  I  can  say  its  action  is 
all  that  could  be  desired,  and  the  interlocking  of  the  signals,  so  that  trains 
cannot  approach  a  crossing,  without  violating  orders,  until  a  safety  signal  is 
given,  deserves  mention. 

Hall  also  shows  a  very  desirable,  slow-moving  circuit  closer,  for  action 
when  the  train  is  under  full  speed,  which  is  accurate  in  its  action  and  deserves 
mention.  I  refer  to  the  rubber-cushioned  lever,  with  piston  attachment.  Il 
will  not  easily  get  out  of  repair. 

The  apparatus  for  moving  a  misplaced  switch  is  quite  positive  in  its  action, 
and  appears  to  be  an  effectual  apparatus. 

My  objections  to  the  system  are  : 

(1.)  Uncertainty  of  contact  by  mechanical  circuit  closer  may  occasionally 
render  the  signals  inoperative. 

(2.)  Mechanism  for  raising  and  lowering  signals  requires  more  than  a. 
minimum  attention. 

(3.)  Batteries  require  attention  and  are  uncertain. 

Advantages  are  in  the  security  offered  by  causing  each  signal  to  control 
both  the  advance  and  rear  signals  automatically  and  keep  them  displayed 
until  the  next  succeeding  section  is  reached.  This  company  work  under 
Hall's  patent  exclusively. 

(j.)   TAe  Union  Sitiitck  and  Signal  Company. 

This  company  work  under  the  patents  of  Pope,  Gassett,  Robinson,  Fisher, 
Westinghouse  and  others,  and  tl  eir  system  embraces  an  aggregation  of  the 
several  features  disclosed  in  these  patents. 
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The  main  features  embraced  in  their  system  are  as  follows : 

(i.)  Block  system. 

(2.)  Railroad  crossing  block. 

(3.)  Misplaced  switch. 

(4.)  Controlling  switches  from  signal-man  house  pneumatically. 

(5.)  Audible  signal  at  road  crossing  during  the  short  period  prior  to  and 
after  passing  said  road. 

(6.)  Derailment  of  train  at  a  railroad  crossing,  if  the  engineer  fails  to  stop 
ID  time  after  a  danger  signal  is  displayed. 

(7.)  Broken  rail  indicated  on  entering  the  section. 

(8.)  Pneumatic  controlling  apparatus  for  actuating  the  switch  and  signals. 

The  system,  as  a  whole,  is  quite  complex ;  but  the  mechanism  appears  to 
be  of  substantial  nature  and  quite  positive  in  its  action. 

The  advantages  appear  to  be : 

(i.)  That  in  the  use  of  the  rails  for  conveying  the  electricity,  a  positive 
index  is  placed  upon  the  rails  themselves  for  indicating  a  break  or  rupture  at 
any  point  within  each  section,  and  for  indicating  if  a  car  has  been  blown  from 
a  siding  upon  the  main  track. 

(z.)  A  misplaced  switch  is  for  a  like  reason  indicated. 

(3.)  The  blocking  is  made  doubly  secure  by  being  so  simple  in  the  action 
that  by  a  train  backing  olT  a  section,  the  signals  are  all  set  at  "  danger,"  both 
in  the  rear  and  in  advance. 

(4.)  The  constantly  ringing  safety  bell  before  and  after  passing  a  road 
crossing  are  decidedly  desirable  attachments. 

(5.]  The  pneumatic  apparatus  is  simple  and  decidedly  poudve  in  its  action. 
As  to  liability  to  get  out  of  repair  by  wear  of  packing,  leakage,  etc.,  I  should 
think  there  might  be  such  a  liability. 

(6.)  The  derailment  of  a  train  at  a  crossing  I  can  hardly  commend,  it 
being  questionable  whether  it  is  better  to  endanger  the  lives  of  passengers  by 
a  certain  accident  in  view  of  a  probable  accident. 

(7.)  The  horizontal  swinging  signals  known  as  the  Gassett  and  Fisher  signal 
used  by  this  company  are  much  simpler,  and  mechanically  much  easier  to 
actuate  than  the  vertical  or  arm  signal,  and  by  their  swinging  vanes  attract 
attention.  Respectfully  submitted. 

C.  J.  KiNTNER, 

Stt6.  Com.  an  R.  R.  Signals. 
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ELECTRIC  TIME  SIGNALIZER. 

This  apparatus  is  intended  for  purposes  where  time  signals  are 
required ;  automatically  securing  precision  of  time  in  the  moving 
of  visual  signals,  sounding  of  bells,  or  production  of  the  various 
mechanical  movements  desired  in  the  warning  and  departure  of 
railway  trains,  street  cars,  ferry  boats,  or  where  schedule  time  is 
required. 

To  effect  this  object,  a  mechanism  is  employed,  which  consists  of 
a  clock  having  a  dial  of  an  insulating  substance,  divided  into 
twenty-four  divisions,  representing  two  series  of  twelve  hours  each, 
denoting  the  divisions  of  the  day,  and  subdivided  into  minutes, 
and  a  hand  or  pointer  carrying  mechanism  for  changes  of  schedule. 
There  are  also  placed  concentrically  on  the  dial,  metal  rings 
denoting  the  divisions  of  time,  with  slots  and  contact  points.  The 
body  of  the  pointer  has  within  it  a  rotating  shaft,  making  one  revo- 
lution in  seven  days,  which  has  on  it  a  calendar  cylinder  denoting 
the  days  of  the  week,  and  discs  containing  contact  pins,  which  are 
placed  over  their  respective  rings  and  contact  points,  which,  at 
designated  times,  make  an  electric  contact,  closing  the  circuit, 
within  which  circuit  are  signaling  bells,  gongs,  semaphores  or 
other  calling,  warning  or  mechanical  device. 

Any  number  of  electric  circuits  with  any  number  of  rings  can 
be  opened  and  closed  by  the  pointer  and  its  attachments. 

On  Saturday,  at  midnight,  it  automatically  changes  for  the  Sun- 
day schedule,  and  resumes  week-day  work  at  midnight  of  Sunday. 

A  swift  moving  minute  hand  can  be  employed,  to  show  minutes 
and  seconds,  if  desired. 

Changes  from  summer  to  winter  schedule  can  be  made  in  a  few 
minutes. 

The  signals  can  be  made  on  a  bell  or  bells  of  any  size,  at  any  dis- 
tance from  apparatus.  The  apparatus  can  be  used  in  any  large 
school,  where  a  number  of  class-rooms  exist,  and  if  required, 
different  calls  may  be  made  for  each  day  of  the  week. 

A  small  apparatus  with  a  single  or  double  belt,  would  answer 
for  all  ordinary  work. 

In  case  the  time-table  cannot  be  carried  out,  owing  to  obstruc- 
tions or  other  causes,  a  convenient  switch  cuts  out  the  particular 
belt  or  belts,  and  a  hand  push-button  would  then  be  used,  until  the 
time-table  can  be  restored,  when  the  apparatus  will  take  charge. 
The  buttons  can  also  be  used  for  extras  or  specials. 


REPORT  OF  SUB-COMMITTEE  on  METEOROLOGICAL  and 
OTHER  REGISTERS. 

Professor  M.  N.  Harrington,  Chairman. 

CUSHING'S  VELOCIMETER. 

This  is  an  adaptation  of  Morse's  printing  machine  to  the  pur- 
pose of  measuring  high  velocities.  On  a  ribbon  of  chemical  paper, 
press  three  electric  pens,  which  leave  a  trace  on  the  paper  when  the 
current  passes  through  them,  and  none  when  the  current  is  broken. 
The  paper  is  unrolled  by  a  hand  crank,  and  kept  properly  taut 
by  suitable  appliances.  Of  the  three  circuits,  one  passes  through 
a  vibrating  piece  of  metal  in  such  a  way  that  the  circuit  is  made 
and  broken  at  each  vibration.  The  time  of  vibration  being  ascer- 
tained, this  serves  as  a  convenient  and  sufficiently  accurate  time 
measurer,  each  beat  leaving  its  mark  on  the  prepared  paper.  Of 
the  other  two  circuits,  one  is  broken  at  the  beginning  of  the  record, 
the  other  at  the  end. 

Tlie  special  excellencies  of  the  velocimeter,  claimed  by  the 
inventor,  are : 

(I.)  Its  extreme  simplicity.  It  can  be  handled  by  a  non-expert 
after  a  few  minutes'  instruction  ;  there  is  no  mechanism  to  get  out 
of  order,  and  no  part  of  the  instrument  that,  in  case  of  breakage, 
cannot  be  repaired  at  small  cost. 

(2.)  Its  absolute  accuracy  and  precision.  The  instrument 
exhibited  will  measure  the  Yj'jnrth  part  of  a  second,  but  a  reed 
could  be  used  that  would  give  a  measurement  as  small  as  the 
y^jl^th  part  of  a  second. 

(3.;  Its  portability.  There  are  only  two  small  instruments  in 
the  system,  and  they  can  be  packed  in  a  box  fifteen  inches  cube, 
and  easily  transported- 

(4.)  It  makes  a  record  of  all  observations,  that  may  be  filed 
away  for  future  reference,  a  feature,  I  think,  possessed  by  no  other 
velocity  measuring  device. 

This  principle  of  recording  small  periods  of  time  can  be  adapted 
to  timing  horse  races,  measuring  the  speed  of  ships  at  sea,  mea- 
suring the  velocity  of  Sbund,  etc. 

The  apparatus  was  tried  in  measuring  the  speed  of  a  rifle  ball, 
and  its  working  was  entirely  satisfactory.  The  instrument  is 
undoubtedly  accurate,  simple,  and  very  portable,  and  we  can  com- 
mend it  highly. 
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ELECTRO-PNEUMATIC  VALVE. 

The  Milwaukee  Electric  Manufacturing  Company,  of  Milwaukee^ 
Wis.,  manufacturers  of  electrical  specialties,  exhibited  the  Johnson 
electro- pneumatic  valve,  in  its  applications  for  controlling  steam 
and  air  passages,  of  which  the  following  is  their  description : 

The  novelty  of  this  invention  broadly  consists  in  the  appli- 
cation of  a  fluid  under  pressure  as  a  motive  force  for  operating 
valves  or  passages  for  fluids,  the  fluid  under  pressure  being  elec- 
trically controlled,  ('.  /.,  an  expansible  chamber  is  mechanically 
attached  to  a  main  valve ;  the  fluid  under  pressure  is  admitted  and 
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released  from  the  expansible  chamber,  thereby  actuating  the  main 
valve,  the  admission  to  and  release  of  the  fluid  from  the  expansible 
chamber  being  electrically  controlled.  In  order  to  make  the 
actual  construction  of  the  apparatus  more  clearly  understood, 
reference  is  made  to  the  accompanying  sectional  view  of  an  angle 
valve  as  actually  constructed.    (See  Fig:  2j.) 

A  is  the  chamber  of  the  main  valve,  F  being  the  inlet  and  G 
the  outlet  orifice.  B  is  the  valve  disc,  which  closes  downward 
upon  its  seat,  thereby  closing  the  passage.     The  stem  D  of  the 
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disc  is  furnished  at  its  opposite  and  external  extremity  with  an 
inverted  saucer  H,  The  valve  is  held  normally  open  by  the  steel 
spring  b,  placed  between  the  saucer  H  and  the  plug  C.  Externa! 
leakage  is  prevented  by  the  stuffing  box  E,  through  which  the 
stem  D  plays  vertically. 

Supported  by  the  standards  a  a  is  the  concave  metallic  cap  J. 
Stretched  across  the  under  side  of  this  cap,  from  L  to  L,  is  the 
flexible  K.  By  means  of  a  number  of  screws,  as  *  i,  the  periphery 
of  the  diaphragm  K  is  held  tightly  against  the  cap  /.  thus  making 
an  air-tight  chamber  between  K  and  /.  It  is  evident  that  if  a 
fluid  under  pressure  is  admitted  into  this  chamber  through  the 
tube  M,  that  the  valve  B  will  be  pushed  downwards  to  its  seat. 


Fig.  24. 
The  force  with  which  the  valve  B  is  seated  will,  of  course,  be  pro- 
portioned to  the  area  of  the  diaphragm  K,  pressure  to  unit  of  area 
remaining  constant,  the  total  force  exerted  at  anytime  being  the 
product  of  pressure  per  unit  of  area  into  the  total  area.  In  the 
valves  shown,  the  proportional  area  of  the  diaphragm  K  to  the 
area  of  the  valve  5  is  as  13  to  I,  so  that  a  fluid  of  less  than  ten 
pounds  pressure  admitted  to  the  expansible  chamber  will  properly 
actuate  a  main  valve  driving  against  100  f>ounds  pressure  per  unit 
of  area. 

The  electrical  mechanism  used  to  admit  and  release  the  fluid 
from  the  expansible  chamber  is  shown  in  the  above  cut,  which 
represents  a  side  elevation. 
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A  is  an  electro-magnet ;  B  its  armature  ;  C  a  lever  adapted  to 
raise  the  rod  E,  when  the  circuit  is  closed  through  A.  Within  D 
is  the  mechanism  for  the  admission  and  release  ot  the  fluid  under 
pressure  from  the  expansible  chamber,  shown  in  Fig.  24..  This 
mechanism  may  be  termed  a  frictionless  three-way  cock.  When 
the  circuit  is  completed,  the  fluid  is  admitted  to  the  expansible 
chamber,  but  its  release  prevented.  When  the  circuit  is  broken 
the  ingress  of  the  fluid  under  pressure  is  prevented  and  its  egress 
is  permitted.     F  shows  the  ingress  port  and   G  the  egress  port. 

In  the  apparatus,  as  sliown,  the  diameter  of  the  opening  in  this 
secondary  valve  was  y^ths  of  one  inch,  and  its  lift  was  y^ths  of 
an  inch,  although  even  less  would  be  sufficient.  When  air  or  other 
gas  is  used  as  the  fluid  under  pressure,  these  dimensions  are  found 
amply  sufficient,  unless  rapidity  of  action  in  the  main  valve  is 
required  when  these  dimensions  are  increased.  From  the  small- 
ness  of  area  of  secondary  valve  and  its  frictionless  character,  it 
will  be  seen  that  the  electrical  energy  required  to  operate  it  is  very 
small.  Practically,  one  cell  of  gravity  setting  is  found  to  be  amply 
sufficient.  The  size  of  the  secondary  valve  is  not  changed, 
although  the  primary  valve  be  very  large  and  worked  under  high 
pressures. 

As  actually  shown,  the  fluid  under  pressure  used  was  air.  The 
apparatus  exhibited  consisted  of  a  steam  radiator  for  beating 
rooms,  and  having  the  diaphragm  valve  attached.  A  thermostat 
in  the  room  controlled  the  electric  circuit  and  thus  the  supply  of 
steam.  By  this  mutual  reaction  of  the  temperature  and  steam 
supply  the  temperature  of  the  room  remains  constant.  A  large 
butterfly  valve  (eighteen  inches  in  diameter),  attached  to  an  air 
flue,  was  also  exhibited.  This,  likewise,  was  actuated  by  the  ther- 
mal conditions  of  the  room.  Upon  the  boiler  plant  of  the  exhibi- 
tion was  placed  a  large  whistle,  actuated  by  this  device.  It  is 
blown  by  touching  a  button  in  the  superintendent's  office. 
Other  uses  of  this  invention  are  included,  such  as  the  controlling  of 
refrigerating  machinery,  steam  pumps,  elevators,  rudders,  etc. 

This  instrument  was  examined  in  its  working  and  found  to 
be  entirely  satisfactoiy.  When  the  electric  valve  is  used  to  control 
temperature  a  thermostat  is  employed.  It  consists  of  a  thin  long 
plate  of  hard  rubber,  and  a  similar  one  of  steel,  the  two  fastened 
together  the  entire  length.     The  compound  plate,  thus  made,  is 
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fixed  at  one  end  while  the  other  plays  between  two  contacts  which 
admit  of  easy  setting  within  a  narrow  range.  With  a  rise  or  fall 
of  temperature,  the  thermostat  curls  and  makes  the  contact,  thus 
completing  the  circuit,  on  one  side  or  the  other,  and  regulates  the 
valve.  We  found  by  experiment  that  the  thermostat  was  quite 
sensitive  and  that  the  claim  of  the  owners  that  the  temperature 
could  be  controlled  to  a  quarter  of  a  degree  each  side  of  the  setting 
point  could  probably  be  realized.  We  think,  however,  without 
having  tested  it,  that  the  hard  rubber  plate  of  the  thermostat  would 
not  work  so  well  at  high  or  low  temperatures,  as  at  the  middle 
temperatures  (65° — 75°),  but  for  housewarming  and  similar  pur- 
poses, there  will  be  no  occasion  to  expose  the  instrument  to  such 
temperatures.  The  action  of  the  thermostat  is  also  quick.  We 
reduced  it  from  645°  to  32°  in  eight  minutes. 
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The  automatic  ELECTRIC  HEAT  REGULATOR. 

MANUFACTURED    BV   THE   PERFECT   HATCHER   COUPANV,    El.UlRA,    N.   Y. 
(F.    ROS^ROOK,   INVENTOR.) 

The  owners  claim  in  their  heat  regulator,  the  combination  of  a 
double  electric  current,  the  electro>m^net,  damper,  door  or  valve, 
and  suitable  mechanism  for  operating  dampers  and  valves. 

The  object  of  this  invention  is  to  provide  means  of  regulating 
and  controlling  heating  apparatus  of  any  and  every  description,  not 
only  controlling  the  source  of  the  heat,  such  as  the  combustion  of 
coal,  lamp  flames,  etc.,  but  will  also  control  the  flow  of  the  heat 
to  different  points.     It  consists  of : 

(I.)  A  thermostat,  a3^  shown  in  the  accompanying  cut  on  the 
left.  This  instrument  is  exceedingly  delicate  and  sensitive,  and 
will  register  the  tenth  part  of  a  degree  if  so  desired  ;  this  is  hung 
in  the  room  or  apartment  to  be  regulated,  or  controlled.  If  a 
room  in  a  dwelling  house,  it  can  be  placed  on  the  wall  in  any 
convenient  spot. 

(2.)  The  motor  connected  with  a  damper  or  valve,  as  shown 
on  right.  This  motor  as  shown,  is  a  spring  motor,  but  it  can 
be  of  any  form  desired,  or  can  be  used  in  connection  with  a  larger 
motive-power,  such  as  water  pressure,  compressed  air,  etc.  The 
essential  object  of  this  motor  is  to  enable  us  to  use  two  electric 
circuits,  one  to  open  the  dampers  and  one  to  close  the  same,  whereby 
we  have  a  constantly  open  circuit,  and  a  single  cell  will  last  in  con- 
stant use  for  a  year  or  more,  with  no  other  attention  than  to  renew 
the  water.  This  motor  is  provided  with  a  circuit  breaker  (as  shown 
at  T,  U,  V,  Fig.  3^.),  which  breaks  the  circuit  at  a  different  point 
than  the  point  of  contact,  the  connecting  wires  across  ^ch  other 
thereby  keeping  the  surfaces  always  bright.  No  matter  how  much 
dust  and  dirt  accumuUte  on  this  breaker,  it  never  fails  to  respond 
promptly. 

Any  number  of  valves  or  dampers  can  be  attached  to  this 
motor  with  proper  increase  of  power. 

(3.)  The  battery  switch  connecting  wires. 

J'^g-  ^5  shows  tiie  thermostat  on  the  left,  and  clock  and  valve  on 
the  right.  The  thermostat  is  hung  on  the  walls  of  any  of  the 
rooms,  as  .shown  at  A,  Fig.  2(5.  The  clock-work  and  valve  is 
placed  on  a  branch  of  the  smoke  pipe  of  the  furnace,  as  shown  in 
Fig.  26.   The  electric  jar  is  shown  at  C,  in  Fig.  26.   The  operation  is 
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as  Tollows :  One  must  first  decide  upon  what  heat  is  most  desirable, 
the  majority  prefer  72,  others  68,  70,  or  even  80.  Then  move  the 
;pointer,  Fig.  zy,  to  the  desired  degree,  as  shown  on  the  scale. 
For  instance,  if  70  is  desired,  move  it  to  figure  70.  The  draft  will 
be  checked  at  70  and  put  on  again  at  69,  as  the  thermostatic  bar 
is  -set  for  one  degree  variation,  and  is  exceedingly  sensitive  to 
-every  variation  of  the  heat ;  it  is  perfectly  accurate,  and  responds 
to  the  variation  more  quickly  than  mercurj'.  It  is  a  compound  bar  of 
rubber  and  steel  riveted  tightly  together.  As  the  heat  of  the  room 
rises,  the  unequal  expansion  of  the  two  substances   produces  a 


Fig.  15. 
lateral  motion,  and  the  free  end  of  tlie  bar  moves  over  to  the  screen 
£',and  comes  in  contact  with  it,  the  electric  circuit  is  closed.  This 
sets  the  clock-work  in  motion,  and  the  valve  F,  Fig.  26,  opens,  and 
the  draft  of  the  furnace  is  checked  ;  the  chimney,  now  drawing 
through  this  opening  in  the  pipe,  instead  of  through  the  furnace. 
Combustion  of  the  coal  practically  ceases,  and  temperature  mod- 
erately declines  one  degree  and  brings  the  bar  B  in  contact  with 
screw  F.  It  is,  therefore,  easily  understood  that  if  the  weather  gets 
colder,  more  heat  is  required  from  the  furnace,  and  the  thermostat 
will  not  check  the  draft,  until  the  heat  is  up  to  the  right  point,  but 
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will  drive  it  as  hard  as  is  necessary  to  keep  the  heat  up,  and  per 
contra,  if  the  weather  grows  warmer,  the  thermostat  will  hold  the 
furnace  in  check  and  keep  the  heat  down  to  the  required  point, 
thus  checking  all  extra  consumption  and  waste  of  coal;  every 
pound  of  coal  that  is  burned  to  raise  the  heat  higher  than  is 
required,  is  wasted.  It  has  been  proven  by  actual  experience  in 
the  past  few  years,  that  twenty-five  per  cent,  of  coal  has  been 
saved  since  adopting  this  regulator.  The  temperature  can  be 
changed  instantly  to  any  point  desired  by  simply  moving  the 
pointer.  Fig.  ^7,  to  the  figure  on  the  scale  desired. 

This  regulator  can  be  put  to  numerous  uses,  chief  of  which  is  its 
application  to  an  incubator  of  the  same  makers,  in  which  the  motor 
operates  a  ventilator,  in  connection  with  the  source  of  heat  as  well. 
In  this  case,  the  thermostat  is  altered  and*consists  of  a  rubber  rod 
stationary  at  one  end,  and  connected  with  a  lever  delicately  hung  at 
the  other,  as  the  heat  rises,  this  rod  expands,  throws  the  lever  to 
one  contact  point,  connecting  a  circuit,  operating  valves  and  lamps 
as  the  heat  of  the  machine  requires. 

The  above  is  part  of  the  description  of  the  instrument  as  made 
by  the  owners.  The  apparatus  was  of  considerable  interest,  and 
some  features  of  it  deserve  especial  commendation.  One  of  the 
thermostats  is  similar  to  that  described  in  the  preceding  instrument, 
and  has  similar  advantages  and  disadvantages.  As  in  the  preceding 
case,  it  is  entirely  suitable  for  any  work  likely  to  be  requited  of  it. 
The  other  thermostat  is  a  rubber  rod.  by  the  expansion  and  contrac- 
tion of  which  the  necessary  motive-power  for  the  regulation  of  the 
valves  is  obtained.  The  character  of  its  working  can  be  judged 
from  the  study  of  the  distribution  of  temperature  in  the  incubator 
upon  which  Prof.  Waldo  is  to  report. 

The  contact  breaker  in  this  instrument  deserves  commendation.  . 
The  contact  is  made  on  sliding  surfaces,  and  the  points  of  contact 
are  thus  kept  smooth  and  bright. 
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STEAM  VESSEL  INDICATOR. 

■NOVELTY    ELECTRIC  WORKS,  PHILADELPHIA. 

This  iastrument  is  intended  to  inform  the  occupants  of  the 
pilot  house  of  the  position  of  the  throttle  and  reversing  levers  in 
the  engine-room.  It  consists  {Fiff.  28)  of  two  parts,  viz  :  indicator 
and  switches.  The  indicator  proper,  which  is  hung  in  pilot  house 
has  two  electro-magnets  and  double  armature,  to  which  is  attached 


INDICXrOR    IN 
PIUTT   HOUSE 


BATTERY 
Fig.  28. 
the  indicating  hand.  As  the  current  is  thrown  first  through  one 
magnet,  and  then  the  other,  the  needle  indicates  ahead  or  back. 
When  the  current  is  cut  off,  the  needle  points  to  "stop."  The 
current  is  sent  through  one  magnet  or  the  other  by  means  of  the 
switches,  which  are  connected  to  the  levers  of  the  engine;  one  to 
the  throttle,  the  other  to  the  reverse.  The  mode  of  operation  is 
very  simple,  consequently  reliable      When  the  pilot  rings  the  bell 
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to  move,  the  moment  the  engineer  touches  the  lever  of  the  engine, 
it  shows  in  the  pilot  house  which  way  the  reverse  lever  is  standing, 
as  the  current  must  flow  through  one  of  the  two  magnets.  When 
the  engineer  reverses  the  engine,  he  cuts  the  electric  current  from 
one  magnet  and  causes  it  to  flow  through  the  other,  thus  causing 
the  armature  to  be  attracted  one  way  or  the  other,  indicating  either 
ahead  or  back.     The  starting  lever  starts  the  electric  current. 

The  reversing  lever  shows  which  way  the  engine  will  move. 
The  general  relations  of  the  parts  are  shown  in  the  accompanying 
diagram.  When  not  required,  the  circuit  can  be  opened  and  so  left 
until  again  required,  the  change  from  open  to  closed  being  made  in 
the  pilot  house  by  the  cords  suspended  from  the  dial.  The  circuit 
is  also  broken  when  both  levers  are  undisturbed,  in  which  case  the 
index  swings  by  its  own  weight  to  the  mark  "stop."  A  bell  is 
connected  with  one  circuit,  so  that  the  position  of  the  engine  levers 
is  also  distinguished  by  the  ear.  The  indicator  seems  to  be  effective 
and  reliable. 
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TELEMETERS. 

THE  TELEMETER  COMPANY,  NEW  YORK  CITY. 

This  is  a  complete  and  novel  system  of  transmitting  and  record- 
ing physical  changes  at  a  distance  and  continuously.  As  exhibited, 
the  system  was  applied  to  temperature  and  atmospheric,  steam  and 
water  pressure,  but  the  system  admits  of  indefinitely  extended 
application.  The  Telemeter  Company  attributes  the  system  to 
Robert  Hewitt,  Jr.,  as  originator,  and  to  Charles  L.  Clarke,  as 
inventor. 

The  novel  part  of  the  system  is  the  transmitting  device  and 
receiver.  The  following  description  of  them  is  Mr.  Clarke's :  (See 
Plate  XII.) 

The  transmitting  device  is  at  the  left  hand,  and  receiver  at  the 
right  hand. 

■  The  contact  arm  j4  is  on  a  shaft,  and  is  moved  by  the  initial 
physical  instrument,  be  it  metallic  thermometer,  barometer,  pres- 
sure gauge,  float  or  other  device.  It  is  not  insulated  from  the 
metal  frame  of  the  instrument,  and  is  therefore  connected  (^electri- 
cally) to  the  base,  as  are  also  the  armature  levers.  This  fact  is 
shown  diagramatically  a\.  B  B  B,  and  by  the  circuit  connecting  the 
three  points.  C  O  are  two  contact  points  carried  on  arms,  which 
are  carried  on  an  insulated  sleeve,  and  also  insulated  from  each 
other.  This  sleeve  is  carried  on  a  shaft  {which  also  carries  the 
V-toothed  wheel  W)  which  is  in  line  with  the  shaft  carrying  A.  As 
W  revolves  with  C  C,  the  continuity  of  the  circuit  is  preserved  by 
two  insulated  posts,  D  D',  which  carry  two  wires  resting  in  two 
grooves  in  the  insulated  sleeve,  thus  maintaining  the  circuit  of  D 
with  C,  and  ly  with  C,  respectively.  The  shaft  carrying  W,  C  O 
also  carries  the  index  hand  H.  P  P  are  the  pawls  which  propel 
the  wheel  W,  are  normally  out  of  the  path  of  its  teeth,  the  wheel 
being  held  by  the  locking  pawl  <,  When  /'advances,  it  engages 
at  tooth  near  its  point,  and  pushes  it  ahead  until  the  pawl  rests  in 
the  space  between  the  teeth  which  it  fits.  In  this  position,  the. 
under  face  of  the  pawl  is  a  tangent  to  the  circle  of  which  the  pivot 
on  which  the  armature  lever  revolves  in  the  centre.  Hence,  the 
face  of  the  tooth  pushes  dead  against  the  centre,  and  no  force  such 
as  the  momentum  of  the  wheel,  resulting  from  the  force  of  the 
blow  given  by  the  pawl,  can  disengage  the  pawl.  Therefore,  no 
matter  what  the  excess  of  battery-power,  the  wheel  can  never  be 
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revolved  the  distance  of  more  than  one  tooth  by  a  single  impulse, 
and  the  whole  constitutes  a  complete  locking  device.  When  the 
pawl  P  has  reached  the  limit  of  its  forward  movement,  the  pawl 
<  has  slipped  over  the  point  of  its  next  tooth,  so  that  when  P  is 
withdrawn  it  <  slips  into  the  space  and  completes  the  motion  of  the 
wheel,  which  is  the  amount  of  one  tooth.  The  wheel  and  pawls 
of  the  receiver  arc  similar  to  those  of  the  transmitter,  hence  if  both 
instruments  receive  a  full  impulse,  sufficient  to  carry  P  to  its  for- 
ward limit,  they  must  move  in  unison,  as  neither  wheel  can  move 
more  than  a  tooth  for  a  single  impulse.  When  A  is  moved  by  a 
force  and  touches  C,  the  magnets  N,  N,  0  are  in  circuit,  as  also 
the  small  resistance  coil  R' .  N  is  so  adjusted  that  it  attracts  its 
armature  first.  The  first  movement  of  its  armature  causes  a  con- 
tact at  E,  which  forms  a  shunt  around  resistance  R'  and  contact  A 
C.  The  continued  motion  of  the  armature  causes  P"  to  engage  a 
tooth  and  to  turn  the  wheel  W  until  P"  fits  in  the  space  between 
the  teeth,  thus  lock'ing  the  wheel,  and  separating  the  contact  A  C, 
the  pawl  <  also  slipping  over  the  point  of  its  next  tooth.  The 
circuit  has  not  been  broken,  because  a  shunt  was  formed  around 
A  C  before  they  were  separated.  They  were  also  separated  with- 
out a  spark,  because  they  formed  a  branch  circuit  with  R'  resist- 
ance to  a  shunt  with  no  resistance.  Simultaneously,  or  nearly  so, 
with  the  engagement'  of  P,  the  pawl  R'  in  the  receiver  also 
engages  the  wheel,  and  the  operation  last  described  is  repeated 
here.  The  magnet  O  is  adjusted  to  respond  last  in  the  series,  and 
the  movement  of  its  armature  lever  strikes  the  arm  F,  thus  throw- 
ing up  the  horizontal  arm  F,  and  breaking  the  circuit  at  S.  The 
instant  that  5  is  opened,  the  spring  draws  the  armature  levers  back 
to  their  normal  position,  separating  the  points  at  S,  and  since  A  C 
are  already  open,  when  5  closes  again  on  its  return  stroke,  the 
circuit  is  open  and  remains  so  until  A  makes  another  contact. 
Also  the  return  of  the  armature  levers  disengages  /*  and  R',  and 
permits  <  <'  to  complete  the  movement  of  one  tooth,  and  H  H' 
have  moved  one  division  on  the  dial.  The  spark  is  all  transferred 
from  the  delicate  contacts  to  the  rough,  large,  no n -adjustable 
contact  i>. 

It  is  impossible  for  H  H'  to  move  except  in  unison,  because  any 
current  will  Brst  firmly  close  the  circuit  at  R,  and  the  circuit  cannot 
open  until  O  operates,  and  this  is  adjusted  to  work  last. 
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To  prevent  5  from  opening  at  the  wrong  time  (which  it  could 

do  from  a  mechanical  Jar  or  shock,  thus,  perhaps,  opening  after  H 

had  moved,  and  before  the  movement  of  H',  thus 

r^     throwing  the  hands  H  H,  out  of  unison)  the  point 
•^S   5  carried  by  AT  is  supported  on  a  long  spring,  which 
is  so  adjusted  that  when  ^is  raised  3'  is  held  about 
■jljth  inch  from  K,  but  when  K  is  down  i>' presses 
Fig,  29.        against  it.     Thus,  any  jar  which   may  raise   E  less 
than  I'fth  inch  does  not  cause  5  to  break  the  contact.     [^See  Fig. 


) 
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Fig.  30. 
Under  date  of  September  26th,  Mr.  Clare  presented  a  slight 
modilication  of  the  apparatus,  with  a  transmitter,  in  which  the  shunt- 
ing around  the  primary  contacts  A  C  C  is  accomplished  by  mag- 
nets TTzK  E'  E'.  The  latter  method  presents  some  advantages 
over  the  preceding.     (^See  Fig.  jo.) 

The  actuating  instrument  for  the  telethermometer  is  a  metallic 
thermometer  made  by  the  Standard  Thermometer   Co.   of  Pea- 


body,  Mass.  In  accompanying  Fig.^i,  the  base  plate  Ac 
a  port  B  through  which  passes  a  stud  C,  which  is  fastened  firmly 
by  a  set  screw  D.  The  stud  Csupports  an  arm,  and  to  it  is  rigidly 
attached  one  end  of  the  bi-metallic  spiral  G  G  hy  the  set  screw  F. 


Fig.  31. 
The  range  of  the  thermometer  is  adjusted  by  changing  the  length 
of  (^  as  chamfered  on  E.  The  spiral  G  is  made  of  two  metals, 
having  different  coefficients  of  expansion.  One  end  is  fixed  at  E, 
and  the  other  end  is  free  to  move  as  the  rise  or  fall  of  temperature 
lengthen  or  shorten  the  spiral  circumfercntially.     The  end  free  to 


move  is  attached  at  /^  to  a  segment  of  a  crown  wheel  KK.  KK 
revolves  on  its  bearings  LL,  and  moves  the  pinion,  M,  carrying  the 
index  arm  or  pointer  N  in  front  of  a  graduated  dial  0,  indicating 
upon  this  dial  the  temperature  which  affects  the  spiral  G  G. 

The  work  which  can  be  got  from  a  metallic  thermometer  well 
constructed,  is  of  considerable  interest,  and  the  sub-committee 
made  a  special  test  of  some  of  the  instruments  provided  by  the 
Telemeter  Company.  The  test  was  under  Dr.  Waldo's  direction 
and  his  report  will  follow.* 

The  telemanometer  is  actuated  by  a  Bourdon  tube ;  the  tele- 
hydrobarometer  by  a  wheel  and  float  on  a  mercury  column  balanced 
by  water  pressure.  The  telebarometer  is  actuated  by  a  wheel 
and  float  in  the  open  arm  of  a  siphon  barometer  of  large  diameter, 
to  prevent  error  from  capillarity.  The  telemeter  instruments  are 
recording,  the  paper  being  moved  by  clock-work.  Maximum  and 
minimum  alarm  hands  are  also  provided,  which  may  be  set  at  will 
to  ring  an  electric  bell  at  any  desired  limits.  By  the  use  of  a  polar- 
ized  relay  and  batteries  of  opposite  polarity,  one  wire  connecting 
the  two  instruments  may  be  dispensed  with. 

The  committee  examined  this  exhibit  with  interest  and  atten- 
tion. The  general  system  is  good,  and  the  minor  intrinsic  diffi- 
culties have  been  successfully  overcome  by  the  inventor. 

•  These  thermometers  have  since  been  studied  by  Professor  Risers,  who 
published  his  results  in  the  Am.  Mttefroh^al  Journal,  Vol.  11..  pp.  352—257. 
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REPORT  OF  SUB-COMMITTEE  on  TIME-PIECES. 

EXHIBIT   OF   THE   TIME   TELEGRAPH   COMPAN\',    OF    NEW    YORK. 

This  company  had  a  large  exhibit,  which  was  scattered  over" 
the  buildings.  The  particulars  to  which  they  wished  to  call  especial 
attention  were  as  follows,  as  made  out  by  Mr.  H.  L.  Bailey,  their 
electrician  : 

(I.)  An  electrical  pendulum  regulator.  The  pendulum  of  which 
is  subject  to  uniform  impulses,  with  a  minimum  of  friction  or  vari- 
ation, the  electrical  contacts  of  which  are  absolutely  certain  in  their 
performance,  and  at  which  there  is  a  complete  suppression  of  sparlc^ 
while  operating  the  circuit,  the  latter  being  accomplished  by  placing 
a  non-inductive  shunt  of  fifty  ohms  resistance  around  magnets  of 
ten  ohms  resistance  in  the  circuit.  The  perfection  of  the  driving' 
anchor,  which  corresponds  to  the  escapement  of  non-electric 
clocks.  The  ratchet  wheel,  which  prevents  any  backward  move- 
ment of  the  scape  wheel. 

The  device  by  which  the  train  effects  the  contacts  for  minute 
and  second  dials,  whereby  the  pendulum  suffers  no  disturbance^ 
and  notice  taken  of  the  fact  that  variation  ol  friction  in  the  train^ 
or  variations  in  the  strength  of  the  actuating  current,  uniformity 
of  action,  and  its  adaptability  to  the  purpose  for  which  it  is  used, 

(2.)  A  system  of  sparkless  circuit  closers  for  the  operation  of 
secondary  electrical  clocks  or  other  electrical  devices.  Its  operation 
depending  upon  the  automatic  introduction  of  shunt  around  the 
magnetic  circuit,  before  opening  the  battery  circuit. 

(3.)  Secondary  electric  clocks.  One  known  as  Crane's  dial  move- 
ment, in  which  the  driven  wheel  is  perfectly  locked  in  either  open 
or  closed  circuit.     It  is  simple  and  perfectly  reliable  in  its  action. 

{4.)  Secondary  electric  clock,  "  Gray's  dial "  with  its  double 
motion,  first  radial  then  tangential,  also  thoroughly  reliable  in  its 
performance. 

(S-)  Exhibit  of  three  or  four  other  dial  movements,  controlled 
by  the  Time  Telegraph  Company. 

(6.)  A  table  half-second  pendulum  clock,  device  of  C.  H,  Pond. 

(7.)  A  system  of  synchronizing  pendulums,  without  any  harness 
being  applied  to  the  pendulum  of  the  primary  regulator,  but, 
making  use  of  the  electrical  seconds,  furnished  by  the  rocking 
armature  table  of  the  electric  regulator. 
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The  requirements  of  the  Time  Telegraph  Company  and  the 
engagements  of  the  committee  necessitated  putting  this  exami- 
nation in  the  hands  of  Professors  Rogers  and  Harrington.  The 
exhibition  was  not  a  suitable  place  for  critical  tests  of  such  delicate 
mechanisms;  such  tests  require  also  considerable  time ;  the  sub- 
committee therefore  decided  to,  in  some  sort,  integrate  the  entire 
system  by  directing  attention  to  the  actual  time  keeping  capacity 
of  the  system  and  of  the  controlling  clock.  This  was  done  by 
seaUng  the  various  accessible  secondaries,  and  leaving  them  so  for 
several  days,  and  also  by  comparing  the  controlling  clock  with  time 
received  from  Washington.  These  tests  were  begun  by  the  two 
members  of  the  committee,  but  completed  by  Prof.  Rogers,  whose 
report  is  incorporated  here : 

REPORT   ON    THE    PERFORMANCE    OF  THE   STANDARD    ELECTRIC   CLOCK^ 
EXHIBITED    BY  THE   TIME   TELEGRAPH    COMPANY. 

The  master  clock,  which  controlled  the  dials  exhibited  by  this- 
company,  was  mounted  upon  a  wooden  pier,  fairly  insulated  from 
the  building.  Two  other  clocks,  of  similar  construction,  were 
mounted  upon  the  same  pier,  one  of  them  being  upon  the  oppo- 
site face. 

It  is  still  an  open  question  whether  an  electric  clock  can  be 
regarded  as  an  instrument  of  precision,  even  when  mounted  under 
the  most  favorable  conditions.  It  certainly  was  not  to  be  expected 
that  the  performance  of  this  clock  should  be  exceptionally  good- 
especially  as  there  was  a  weaving  loom  in  the  space  occupied  by 
an  adjacent  exhibitor.  It  will  be  seen,  however,  that  the  clock 
maintained  a  nearly  constant  rate  between  October  4th  and  Octo- 
ber 9th. 

The  comparisons  with  the  clock  at  the  central  office,  from 
which  the  Washington  time  is  distributed,  were  made  by  means  of 
a  chronograph,  kindly  placed  at  my  disposal  by  Capt.  O.  E' 
Michaelis,  in  charge  of  the  exhibit  of  the  War  Department. 

The  sounder  through  which  the  time  signals  were  received, 
was  connected  with  the  master  clock  in  such  a  way  that  only  eight 
or  ten  of  the  first  seconds  of  each  minute  were  given  for  the 
central  clock,  and  only  the  l>eginning  of  each  minute  for  the 
master  clock. 
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*Tn  the  transcript  of  the  chronograph  sheet  given  herewith,  the 
long  stroke,  a,  d,  represents  the  beginning  of  the  minute  of  the 
master  clock,  the  initial  point  being  at  a.  The  beginning  of  the 
minute  of  the  clock  at  the  central  station  is  indicated  by  the 
break  c  (t'ig  jz)- 


Fig.  32,  Section  of  Chronograph  Sheet,  Comp^son  of  Clocks. 
The  corrections  of  the  Washington  signals  were  kindly  com- 
tnunicated  by  Lieut.  C,  C.  Pendleton,  of  the  Maval  Observatory. 
These  corrections  combined  with  the  observed  deviations  from  the 
Washington  signals  at  the  central  office,  give  the  following  cor- 
rections to  the  central  clock  at  12  h.  M. : 
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Comparison  of  Master  Clock  with  the  Clock  at  Central  C 


CkMtT-^t. 

tiriirstk. 

C/oc*  SUm. 

Afai 

^a«kSi»,. 

Ma 

iiirr  ax 

» 

k.  m. 

*" 

12  36  P.M. +  063 

6 

46 

A.M. 

+  0-57 

6  47  A 

H 

+  0 

4S 

8 

3+0-78 

1    II 

o-6i 

12 

00 

M. 

0-55 

7  40 

0 

49 

9  45     090 

2   I9 

0-64 

I 

00 

P.M 

o'53 

900 

0 

46 

10 

20      0-87 

2  y> 

062 

2 

00 

0-54 

10  50 

0 

53 

II 

00  '  0-91 

4  S3 

064 

3 

00 

057 

II  27 

0 

S4 

I  38 

0-6S 

S 

00 

0-58 

U  22  P 

M 

0 

54 

+  0-65 

942 

0-62 

7 

00 

058 

5  56 

68 

—     80 

9 

00 

0-54 

6  22 

0-69 

+  0-63 

4 

0-57 

641 

71 

—     14 

6     SOA.  M.    + 

■54 

8     10             + 

■S7 

8    50             + 

■54 

I      00  P.M.     4- 

■55 

2     30                + 

■59 

5    so             + 

■73 

In  tabulated  form,    the  corrections   of  the  master  clock  are 
early  as  follows,  at  12  A,  M. : 


S.     +  016 


028 


6,      —  014  9.      +  007 

Since  the  probable  error  of  a  single  estimation  of  the  deviation 

of  the  central  clock  from  the  Washington  signals  is  at  least,  02  s., 

the  resulting  corrections  for  the  master  clock  came  out  quite  as 

small  as  one  should  expect.     The  slight  increase  of   the  correc* 
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tions  shown  by  the  afternoon  comparisons  are  probably  due  to  the 
tremors  produced  by  the  loom,  which  was  then  generally  in 
operation. 

The  synchronism  by  which  the  three  clocks  maintained  the  same 
rate  was  in  this  instance  more  marked  than  the  writer  has  ever 
befofc  witnessed.  At  no  time  during  the  exhibition  did  they 
dilTer  much  in  excess  of  0-5  s.  In  order  to  be  able  to  esti- 
mate the  amount  by  which  the  master  clock  could  be  changed 
through  synchronism,  a  weight  of  thirty-one  grammes  was  added 
to  the  pendulum  opposite  the  master  clock  at  lO  A.  o  >n.,  October 
9th.     At  this  time  the  deviation  of  the  master  clock  was  1S7  s. 

The  following  relations  were  subsequently  found  : 

TTimrt/^CtinfarHf*.  .VaiW  Otck  Slmr  ^  Cnlrml  ClKt. 

A.      Of.  f. 

2  30  +2'20 

3  30  340 

4  30  3*5' 

6  so  2-54 

7  20  2-52 
9    00  3-46 

10    00  252 

At  10  h.  I  m.  the  added  weijjht  was  removed.     By  the  next 

morninti.  the  error  of  the  clock  had  been  reduced  to  the  previous 

value,  1-9  s.     It  is  to  be  regretted  that  there  was  not  sufficient  time 

for  a  repetition  of  this  interesting  experiment.  W.  A.  R. 

Ott  the  Perforynance  of  the  Eiectrk  Clock  Exhibited,  Controlled  by 
the  Master  Clock 

This  clock  was  located  about  200  feet  from  the  master  clock. 
Every  comparison  of  the  two  clocks,  made  previous  to  October 
4th,  showed  an  exact  coincidence  within  the  limits  of  the  error  of 
comparison,  which  may  perhaps  have  amounted  to  0-3  s.  At 
4  h.  30  111.  P.  M.,  October  4th,  the  control  was  removed. 

Subsiquent  comparisons  gave: 

OmlralUd  Oct.  Hh.  with  Himrlj        S<am. 

Halt.         Tiiai.  Clack /mt.  CJuuigt  —  -^  i. 


=  —  36-4 
=  —  468 
=  —  69!! 
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It  appears,  therefore,  that  the  controlled  clock  maintained  an 
approximatel)'  constant  rate  after  the  removal  of  the  control.  The 
clock  was  now  set  i  s.  slow.  At  the  end  of  i8-2  hours,  it  had 
gained  l8-8  s.,  giving  an  hourly  rate  of  1-03  s.  At  10  k.  $  m.,  the 
magnet  was  held  18  s.  leaving  the  clock  i-o  s.  slow.  October  gth, 
at  10  k.  44  m.  A.  M.,  the  correction  was  1-3  s.  slow.  It  appears, 
therefore,  from  these  observations  that  the  control  is  practically 
perfect. 

In  order  to  determine  the  magnitude  of  the  rate  which  could  be 
overcome  by  the  control,  92-4  grammes  were  added  to  the  pen- 
dulum.    The  following  comparisons  were  then  made: 

Dalt.  Timi.  Click  Slam  cf  MmsUr  Ooek. 

9.  11      30A,  M.  II 

9,        12    15  A.M.  ri 

9,         13     40  A.  U.  o'8     At  2  A.  ;  m.  added  24  grammes. 

9,  2       ;  p.  M.  O'S     At  2  A.  6  m,  took  ofT  control. 

9,        10      S  p.  u.  28-5    Fast. 

The  hourly  change,  therefore,  with  the  weight  added,  is  364  s., 
giving  25  s.  for  the  rate  due  to  the  weight  alone. 

It  appears,  therefore,  that  the  control  will  overcome  a  gaining 
rate  of  about  3  s.  per  hour.  Lack  of  time  prevented  further  obser- 
vations in  this  direction.  W.  A,  R. 

Report  on  the  Performance  of  the  Time  Dials. 

Tlic  somewhat  laborious  operation  of  sealing  the  dials  by  cover- 
ing tlie  faces  with  tlireads,  sealed  in  such  a  manner  as  to  effectually 
prevent  their  being  opened  by  unauthorized  persons,  was  completed 
under  the  direction  of  Professor  Harrington  during  the  afternoon 
of  October  7th.  The  dials  were  examined  twice  each  day  till  the 
close  of  the  exhibition.  On  account  of  my  absence  on  the  closing 
day,  the  examination  was  kindly  madebyProfessor  J.  Burkitt  Webb. 

The  number  of  dials  in  the  circuit  was  sixty.  In  justice  to  the 
exhibitor,  it  should  be  stated  that  it  was  not  expected  that  the  per- 
formance of  two  of  this  number  would  be  satisfactory  on  account 
of  their  locations.  One  was  located  above  the  bridge,  connecting 
the  two  buildings,  and  the  other  was  placed  in  the  headquarters  of 
the  Board  of  Examiners. 

The  former  clock,  upon  one  occasion,  lost  two  seconds,  and  the 
.  latter  stopped  upon  three  occasions.     Another  dial  stopped  within 
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a  few  minutes  after  the  trial  had  begun  from  some  unknown  cause. 
With  these  exceptions,  the  coiocideace  of  beats  was  exact  in  every 
case  when  the  seals  were  broken  at  the  close  of  the  exhibition. 

W.  A.  R. 
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REPORT  OF  Dr.  LEONARD  WALDO  ok  the  UNIFORMITY 
OF  TEMPERATURE  MAINTAINED  in  the  INCUBATOR 
EXHIBITED  BY  THE  PERFECT  HATCHER  COM- 
PANY, OF  ELMIRA,  N.  Y. 

New  Havex,  September  i,  18S5. 
Professor    M.   W.    Harrington,    Ckainitan    of   Sub-Committee, 
Section  XXII,  on  "Self-Registering  Instruments." 
Sir: — I  submit  herewith  my  report  on  the  steadiness  of  tem- 
perature maintained  in  the  incubator   exhibited  by  the   Perfect 
Hatcher  Company,  of  Elmira,  N.  Y. 

Respectfully  yours, 

Leonard  Waldo. 

REPORT. 

For  many  purposes  in  physical  science  as  well  as  in  the  arts,  it 
is  desirable  to  maintain  approximate  uniformity  of  temperature  for 
considerable  periods  of  time.  It  seemed  probable  from  a  super- 
ficial examination  of  the  incubator  exhibited  by  the  Perfect  Hatcher 
Company,  of  Elmira,  N.  Y.,  that  a  large  measure  of  success  had 
been  attained  by  them.  This  instrument  therefore  received  more 
careful  consideration  by  your  committee  than  would  otherwise 
have  been  given  to  it.  The  following  description  and  diagrams  of 
the  method  of  working  is  furnished  by  the  makers : 

In  Fig.  I,  there  is  a  dead  air  space  between  top  of  tank  E*  and 
wood  casing.  The  tank  containing  water  is  covered  with  a  scries 
of  layers  of  paper,  say  twelve  to  twenty;  then  a  solid  building 
paper ;  then  a  frame  work  one  inch  thick  to  separate  the  walls  of 
paper ;  then  a  layer  of  solid  building  paper  next  the  wood  cover. 
This  forms  a  dead  air  space  of  one  inch  in  thickness,  besides  the 
protecting  walls.  The  object  is  to  prevent  the  radiation  of  the  heat 
from  surface  of  tank  upwards,  and  to  cause  it  to  deflect  to  egg 
chamber  below;  and  it  is  claimed  that  this  is  effectually  accom- 
plished by  this  method.  The  cubic  contents  of  air  chambers 
are  6,468  inches.  The  outlet  for  the  hot  air  was  a  valve 
3  X  12  inches.  The  inlets  for  fresh  air  were  four  in  num- 
ber, and  were  2  x  45^  inches.  The  openings  in  this  test 
were  I  x  2^  inches,  four  in  number.  At  every  opening  of  the 
lai^e  valve,  3x12,  on  top  of  machine,  the  lamp  flame  was  dc~ 


creased  to  stop  heating  of  water,  and  was  restored  to  full  flame  when 
this  valve  was  closed.  The  method  of  applying  heat  is  by  a  kero- 
sene oil  lamp  flame  or  gas  flame.     This  flame  heats  water  in  the 


boiler,  which  circulates  through  tank  and  pipes  in  such  a  manner 
that  the  heat  is  evenly  distributed  throughout  the  chamber  to  be 
heated,  etc. 
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PHILOSOPHY    OF    ITS   OPERATION. 

Fig.  I  shows  a  sectional  view  of  the  hatcher  and  all  its  working 
parts.  On  the  right  end  is  the  boiler,  F^ ;  under  it  the  lamp  G. 
Covering  the  entire  top  of  the  machine  is  the  water  tank.  E* ;  the 
water  is  heated  in  the  boiler,  E,  passes  through  the  tank  in  a  series 
of  channels,  then  out  and  down  throupih  pipes  F*  and  F*  back  to 
boiler  again  to  be  re-healed.  On  top  of  these  pipes  are  the  open 
pans  of  water ;  the  evaporation  from  these  pans  is  in  proportion 
to  the  heat  furnished  by  the  pipei — the  hotter  the  pipes  are,  the 
more  rapid  the  evaporation  from  the  pans. 


The  heat  is  regulated  automatically,  as  follows  : 
The  rod  b  is  hung  rigidly  at  the  right  end,  and  firmly  held  in 
bracket  by  nuts  c  and  6 ;  the  end  at  left  is  attached  to  bottom  of 
lever  e ;  this  lever  is  hung  on  the  points  of  two  screws,  carefully 
adjusted  so  that  the  lever  is  perfectly  free  in  its  action.  See  also 
Fig.  2.  This  rod  is  exceedingly  sensitive,  to  every  variation  of 
heat,  expanding  and  contracting  lengthwise  with  one-quarter  of  a 
degree  variation.  As  it  expands  with  the  heat,  it  throws  top  of 
lever  over  towards  regulating  screw  />  (see  Figs,  i  and  ^,)  and  as 
it  contracts  it  throws  the  point  of  lever  over  against  screw/'. 
Whenever  this  lever  comes  in  contact  with  either  screw,  it  closes  the 
electric  circuit  which  causes  the  magnets  Z.*,  Fig.  j,  to  pull  down 
the  armature  L*.  which  releases  the  fly  pin  M,  Fig  4,  and  allows 
a  quarter  revolution  of  the  clock,  which  opens  or  closes  ventilators 
and  turns  up  and  down  the  lamp  Hame.     When  lever  e  comes  in 


ogle 


contact  with  screw  f-,  it  causes  ventilators  to  open  and  lamp  flame 
to  turn  down,  thus  completely  checking  the  heat,  and  when  con- 
tact is  made  with  screw  F*  the  reverse  takes  place  and  heat  is 
restored. 


Fig.  3. 

Your  committee  began  the  test  for  temperature  steadiness  on 
the  morning  of  Thursday,  October  2.  1884.  There  were  present 
Messrs.  M,  W.  Harrington,  W.  A.  Rogers,  and  the  writer.  Two 
thermometers  were  attached  to  the  rubber  bar  thermometer  s, 
indicated  in  Fig.  i,  whose  errors  did  not  exceed  1°  F.,  and  whose 
bulbs  were  of  thin  glass  and  quite  sensitive  to  changes  of  tem- 
perature. The  water  in  the  incubator  had  been  exposed  to  the 
action  of  the  kerosene  lamp  for  several  hours,  and  the  temperature 
had  risen  to  105°,  or  thereabouts.  Your  committee  requested  the 
attendant  to  set  the  indicator  to  maintain  a  temperature  of  101°, 

The  mercurial  thermometers,  which  may  be  called  III  and  II 
for  brevity,  read  as  follows  during  this  part  of  the  trial : 


Thermonicur  111. 


CondilioD  of  Incu] 


105-4  'Aulomaticall)'  loverine  its  lemperalure  to  l< 

toj'lf  '     at  Ihe  reqoesl  of  the  ci 


D,q,l,zedbyG(Xlg[e 
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The  set  screws  between  which  the  indicator  plays  to  make  and 
break  the  circuit  operating  the  clock-work  were  then  set  by  the 
attendant ;  the  entire  apparatus  was  then  tied  by  the  committee 
with  cotton  lamp  wicklng,  and  sealed  in  such  a  way  that  the  lamp, 
or  any  part  of  the  apparatus,  could  not  be  changed  without  break- 
ing the  seals,  except  by  the  self-acting  regulating  apparatus,  and 
the  following  observations  made : 


.ThermonnnrEll,  ,  Then 


During  the  preceding  observations,  a  change  of  about  1°  F. 
in  the  reading  of  the  thermometers  was  followed  by  the  operation 
of  the  ventilating  fans  of  the  incubator.  The  opening  and  closing 
of  these  fans  took  place  at  intervals  varying  from  one-half  minute  to 
two  minutes,  continuously  throughout  the  trial.  Your  committee 
then  broke  the  seals  and  requested  the  attendant  to  increase  the 
temperature  to  about  109°.  This  being  done,  the  following  read- 
ings were  made  during  the  afternoon  and  the  succeeding  morning, 
when  the  seals  were  finally  removed. 


"'^'S        -      Aulomatically  keeping  its  temperalure  uniform. 


837      ! 


Uctobtr  4ih,  8-<o  A.  M.,  WmperaiDre  of  the  oaUide  air,  63*  F. 


The  above  observations  speak  for  themselves,  and  your  com- 
mittee is  of  the  opinion  that  the  apparatus  as  exhibited  and  with 
careful  adjustment  will  maintain  a  uniform  temperature  to  within 
j^°  ¥.,  when  the  temperature  in  the  incubator  is  higher  than  that 
of  the  surrounding  air. 

Respectfully  submitted, 

Leonard  Waldo,  Sub-Committee. 
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REPORT  OF  Dr.  LEONARD  WAI.DO,  SUB-COMMITTEE  of 
SECTION  XXII,  ON  THE  EXHIBIT  of  METALLIC  THER- 
MOMETERS MADE  BY  THE  STANDARD  THERMO- 
METER COMPANY.  OF  PEABODY,  MASS. 

New  Haven,  September  I,  1885. 
Professor   M.  W-  Harrington,  Chairman   of  Sub-Committee  on 
Registering  Meteorological  Instruments,  Section  XXII. 
Sir  : — I   submit  herewith  my  report  to  you  on  the  exhibit  of 
the  Standard  Thermometer  Company,  of  Peabody,  Mass.,  made  at 
your  request.  Very  respectfully  yours. 

Leonard  Waldo. 

REPORT. 
The  limitations  of  mercurial  and  other  thermometers  are  felt  in 
many  of  the  processes  of  the  arts.  The  boiling  and  freezing 
points  of  mercury  being  so  near  together,  and  the  nature  of  glass 
rendering  it  so  fragile,  and  so  liable  to  softening  near  the  boiling 
point  of  mercury,  combine  to  render  some  substitute  for  the  mer- 
curial thermometer  highly  desirable  in  many  cases. 

Your  committee,  therefore,  with  your  consent,  decided  to  give 
as  thorough  an  examination  into  the  performance  of  the  metallic 
thermometers  exhibited,  as  the  limits  of  an  extemporized  laboratory 
would  allow. 

The  exhibited  thermometers  consisted  essentially  of  a  coiled 
cylindrical  spiral,  the  material  of  which  was  composed  of  laminated 
brass  and  steel,  united  by  silver  solder. 

This  cylindrical  coil  is  about  1-5  inches  long,  about  -6  of  an 
inch  in  diameter,  each  coil  having  a  width  of  i  inch,  and  making 
about  twelve  turns  throughout  its  length.  A  change  of  tempera- 
ture will,  of  course,  cause  an  extension  of  a  free  end  of  such  a 
coil,  and  this  extension  is  magnified  by  a  rack  and  pinion,  which 
gears  the  indicator  to  the  free  end  of  the  coil. 

As  constructed  by  this  company,  the  apparatus  is  simple,  the 
adjustment  of  the  hand  which  serves  as  an  indicator,  and  which 
moves  over  a  circular  dial,  is  easily  effected,  and  your  committee  is 
of  the  opinion  that  the  indications  would  be  consistent  with  them- 
selves permanently,  so  far  as  liability  to  get  out  of  adjustment  is 
concerned. 
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The  hand  which  serves  as  the  temperature  indicator,  moves 
over  a  clearly  graduated  dial,  and  the  entire  instrument  is  cased  in 
a  metallic  box,  and  made  to  hang  in  any  position. 

Two  metallic  thermometers  were  selected  for  careful  "examina- 
tion ;  they  were  marked  Nos.  22  and  23.  The  hands  moved  over 
the  dials  smoothly,  without  hitching  and  in  the  open  air  had  the 
usual  agreement  with  mercurial  thermometers  hung  in  neighboring 
positions  which  is  expected  of  reputable  mercurial  thermometers. 

A  water-comparator  consisting  of  a  rectangular  box  holding 
several  gallons  of  water  and  provided  with  heating  and  stirring 
arrangements  was  rigged  up  in  a  neighboring  building,  and  the 
two  metallic  thermometers  were  immersed  in  the  water  in  connec- 
tion with  a  number  of  precision  thermometers.  After  a  thorough 
agitation  of  the  water,  the  thermometers  were  read  in  such  a  series 
that  the  observer  began  at  the  left  hand  end  of  the  row  of  ther- 
mometers standing  in  the  comparator  and  read  to  the  extreme 
right.  Then  making  a  second  reading  at  the  extreme  right,  the 
thermometers  were  then  read  in  an  inverse  order.  The  times  at 
the  beginning  and  end  of  the  entire  series  being  noted  and  the 
intervals  between  the  readings  of  the  thermometers  being  practi- 
cally the  same,  it  is  assumed  that  the  means  of  the  thermometer 
readings  correspond  to  the  mean  of  the  observed  times. 

This  is  not  rigorously  true,  since  the  radiation  coefficient  of 
the  comparator  and  of  the  thermometer  is  not  taken  into  account. 
Its  accuracy  is  in  keeping  with  the  general  accuracy  to  be  attained 
in  such  apparatus  as  we  were  able  to  devise  during  the  exhibition. 
Professor  Harrington  made  the  record,  and  occasionally  verified  the 
thermometer  readings.  Professor  Rogers  was  present  during  a 
part  of  the  test. 

The  standard  thermometers  inserted  in  the  comparator  con- 
sisted of  two  short  standards  made  by  Hicks,  of  London,  gradu- 
ated to  "4°  Fahrenheit,  1°  F.  :=  l-8  mm.  The  first  thermometer 
of  the  two  reading  up  to  -|-  40°  F.,  and  the  second  reading  to 
+  103°  F. 

The  corrections  of  these  standards  were  determined  by  com- 
parison with  the  Vale  College  Observatory  standards  to  be  at 

Degrm  F.       Zhftri  F. 
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A  third  standard  introduced  was  one  of  the  standards  issued  by 
the  Yale  Observatory,  graduated  in  C.  degrees  to  ^°  C,  and 
having  i°  =  47  mm.  It  is  marked  "  Yale  Observatory  Standard 
S3.,"  and  I  am  indebted  to  Mr.  O.  T.  Sherman,  of  the  Yale  Obser- 
vatory Thermometric  Bureau,  for  the  following  system  of  correc- 
tions to  be  applied  to  its  scale. 


The  following  observations  were  made : 
Observed  Readings  of  the  Standard  Mercurial  Tktrmometers :  "  IV.  O.  I." 
a    Water  Comparator  with  the  Metallic 
"  and  "  No.  2J." 
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Taking  the  means  of  each  set,  and  applying  the  corrections 
indicated  in  the  last  two  columns,  we  have  the  following  table, 
showing  the  corrected  standard  readings  in  Fahrenheit  degrees  as 
compared  with  the  readings  of  the  metallic  thermometers,  Nos. 
23  and  22 : 
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From  the  above  we  readily  deduce  the  corrections  to  be  applied 
to  Nos.  23  and  22  to  reduce  their  face  readings  to  the  true  tem- 
perature of  the  comparator  as  follows ; 


Number 

Pomlof 

Thcr.  Scale 

Ol«rv.t[™.. 

F. 

_ 

degtu.. 

5 

27-4 

I 

385 

3 

6H7 

3 

Sg-o 

3 

691 

-3'i6      I       +o°4     I 

Analyzing  the  above  results,  we  see  that  No.  23  fails  to  return 
to  its  agreement  with  the  mercurial  thermometers  at  70°,  after  it 
had  been  compared  at  90°,  by  1-4°. 

No.  22,  however,  shows  a  remarkable  agreement  with  the  scale 
of  the  mercurial  thermometers  both  ascending  and  descending. 
With  the  exception  of  its  deviation  at  40°,  which  is  still  less  than 
%°  F.,  there  seems  to  be  no  deviation  of  its  scale  as  great  as   1°  F. 
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This,  for  commercial  purposes,  is  a  practical  agreement  with  the 
perfect  mercurial  thermometer  at  ordinary  temperatures. 

It  is  not  improbable  that  the  coincidence  extends  in  practical 
agreement  with  the  Fahrenheit  scale  to  some  degree  above  the 
point  of  boiling  water.  On  this  point,  however,  your  committee 
has  had  no  opportunity  to  satisfy  itself. 

The  instruments  impressed  your  committee  with  their  neatness 
of  design  and  legibility  of  dial.  They  seemed  peculiarly  appro- 
priate for  ordinary  air  temperature  use,  and  have  the  merit  of 
revealing  the  temperature  at  a  glance  from  any  point  of  an  ordinary 
sized  room.  Your  committee  was  informed  that  display  ther- 
mometers of  large  size  were  prepared  by  the  same  company  which 
were  legible  ^t  half  a  block's  distance. 

Respectfully  submitted, 

Leonard  Waldo, 
Sub-Committee  of  Section  XXII. 
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I884-INTERNATIONAL  ELECTRICAL  EXHIBITION-i  884 
Frankun  Institute,  Philadelphia,  Pa. 


REPORT  OF  EXAMINERS. 
Section  XXIII. — Electro-Thebapeutic  Apparatus. 

To  the  Board  of  Managers  of  the  Franicun  Institute  : 

Gentlemen  : — I  have  the  honor  to  transmit  herewith  the  report 
of  Section  XXIII,  upon  "Electro-Therapeutic  Apparatus." 
Respectfully, 

M.  B.  Snyder, 
Chairman  Board  of  Examiners. 
Philadelphia,  September,  1885. 


Prof.  M.  B.  Snyder, 

Chairman  Board  of  Examiners,  International  Eleetrical  Exhi&itien : 
Dear   Sir:— I  have    the  honor  to  transmit  the  report  on 
"  Electro-Therapeutic  Apparatus,"    as   embraced    under   Section 
XXIII. 

I  remain  yours  respectfully, 

Harrison  Au-En, 
Chairman  Section  XXIII, 
Philadelphia,  September  16,  1885. 
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REPORT. 

The  committee  has  the  honor  to  report : 

That  the  first  exhibit  examined,  was  that  of  Mr.  Otto  Flem- 
ming,  1009  Arch  Street,  Philadelphia. 

In  this  exhibit  are  shown  an  elaborate  sixty  cell  cabinet 
battery ;  a  wall  cabinet  for  attachment  to  a  stationary  gravity  bat- 
tery ;  a  thirty  cell  combined  galvanic  and  faradic  portable  battery ; 
a  twenty  cell  galvanic  battery;  four  sizes  of  faradic  batteries; 
pedal  rheotome ;  unpolarizable  electrodes,  etc. 

EXHIBIT  A. 
flemming's  cabinet  battery  (sixty  cell.) 

The  cells  of  the  battery  are  desctibed  by  the  manufacturer  as 
follows :  The  elements  are  composed  of  zinc  and  carbon,  the  Utter 
mixed  with  peroxide  of  manganese,  granulated  and  placed  in  a 
glass  jar  to  fill  one-third  of  its  capacity.  In  the  centre  of  the  jar  is 
placed  a  glass  tube,  also  filled  with  the  carbon-manganese  mixture, 
and  a  carbon  rod  with  platinum  wire  connection  (anode)  so  that 
the  mixture  in  the  centre  glass  tube  is  in  unbroken  contact  with 
the  mixture  in  the  outer  glass  jar.  A  diaphragm  is  formed  by 
tightly  packing  paper  pulp  on  top  of  the  carbon-manganese  mix- 
ture, which  is  covered  with  a  saturated  solution  of  ammonium 
chloride  and  a  zinc  ring  for  cathode. 

The  objections  to  the  modified  Leclanche  cell  used  by  Mr. 
Flemming,  are  that  it  exposes  too  much  surface  for  evaporation 
and  is  unnecessarily  complicated  in  structure.  The  committee  does 
not  believe  that  the  modifications  are  improvements,  but  the  cell 
was  referred  for  examination  to  Committee  14,  from  whose  report 
the  following  figures  are  extracted:  Cell  No.  i,  electro-motive 
force,  l'45  volts ;  internal  resistance,  i  :■  ohms ;  current  strength  in 
amperes  at  intervals  of  minutes  at  the  start,  '12  ;  after  two  minutes 
■09.  Cell  No.  2,  electro-motive  force,  1-39  volts;  internal 
resistance,  n. 

The  key-board  of  the  cabinet  battery  contains  an  automatic 
mechanical  rheotome,  for  interrupting  the  galvanic  current,  one, 
two,  four,  eight,  or  sixteen  times  a  second ;  a  galvanoscope,  a  wire 
rheostat,  formed  of  a  series  of  Siemens'  resistance  coils,  a  Du  Bois- 
Reymond  coil,  with  rapid  and  slow  interruptions  to  the  faradic 
current ;  the  outer  secondary  helix  being  moved  by  a  governing 


screw,  thus  easily  adjusting  the  currents.  There  is  also  a  watre 
rheostat,  fumishiog  resistance  to  the  faradic  current,  and  a  com- 
inutator,changingthepolarityof  either  the  galvanic  or  the  faradic 
current.  A  Grenet  cell  furnishes  power  for  the  faradic  apparatus.*' 
The  key-board  of  the  faradic  coil  is  well  deserving  of  unqualified 
commendation.     The  special  points  to  be  commended  are  the 


Kxty-Cell  Cabinet  Battery,    (Flemming.) 

appliances  chosen  for  slow  and  rapid  interruption  of  the  faradic 
current,  which  are  superior  to  any  others  examined  by  the  com- 
mittee, in  that  they  give  a  much  greater  range  in  the  rapidity  of 

•  The  descriptions  of  apparatus  furnished  by  the  committee,  are  usually 
modifications,  or  condensations,  of  those  given  by  the  manufacturers  them- 
selves. 


movement,  and  are  more  rapidly  and  easily  adjusted.  The  slowest 
rate  obtained  was  forty  per  minute,  whilst  in  rapidity,  the  slow 
rheotome  could  be  made  to  approximate  that  of  the  rapid  spring 
rheotome.  The  regulating  screw  of  the  faradic  coil  is  a  decided 
Convenience,  and  the  commutator  is  to  be  commended  as  durable 
and  not  likely  to  give  trouble  by  getting  out  of  order,  but  is  con- 
sidered inferior  to  the  modification  of  the  pole  changer  (in  which 
the  tires  on  the  discs  extend  on  one-quarter  of  a  circle)  used  by 
Mr.  Flemming  on  his  portable  galvanic  battery,  inasmuch  as  the 
tatter  admits  of  a  more  perfect  break  in  the  circuit. 

The  galvanoscope,  which  is  useful  to  show  that  [he  circuit  is 
made,  does  not  afford  any  accurate  measure  of  the  power  of  such 
current,  and  in  the  complete  galvanic  table,  it  should  be  replaced. 
by  a  dead-beat  galvanometer,  calibrated  in  milli-amperes. 

There  are  two  rheostats  on  the  key-board,  either  of  which 
ought  to  be  so  arranged  as  to  be  sufficient.  The  objection  to  the 
wire  rheostat  is  its  expense. 

The  fluid  of  the  water  rheostat  should  be  a  solution  having 
greater  conductivity  than  water ;  because  water  is  so  bad  a  con- 
ductor, that  in  the  practical  use  of  the  simple  water  rheostat,  it  is 
almost  impossible  to  avoid  shocks  when  the  metal  conductors  are 
brought  into  contact.  The  same  rheostat  should  be  used  for  both 
currents. 

The  clock-work  rheotome  or  current  interrupter  of  the  galvanic 
current  is  condemned  as  making  too  prolonged  contacts,  as 
being  very  liable  to  work  irregularly  and  as  offering  but  a  limited 
range  of  rate  of  interruption.  It  is  recommended  that  the  ex- 
cellent faradic  interrupter  to  be  found  in  the  wall  cabinet  of  Mr. 
Flemming  be  adopted  here  also. 

EXHIBIT  B. 

FLEMHINO'S   WALL  CABINET. 

In  a  handsome  walnut  case,  40  inches  high  25  inches  wide  and 
projecting  7  inches  from  the  wall  is  contained  a  galvanoscope,  a  com- 
mutator, a  Du  Bois-Reymond  coil  with  rapid  and  slow  interrupter 
and  a  contrivance  by  which  the  slow  rheotome  of  the  t)u  Bois-Rey- 
mond coil  can  be  used  to  interrupt  the  galvanic  current.  There  is 
also  a  rheostat  for  both  currents  and  appropriate  switches.  The 
key-board  of  this  wall  cabinet  seems  superior  to  that  of  Exhibit  A, 


in  that  the  water  rheostat  is  adapted  to  both  currents  and  the 
rheotome  automatic.  A  very  valuable  feature  in  this  rhcotome  is 
that  it  gives  brief  periods  of  current  passage  with  long  interrup- 


Wall  Cabinet.  (Flemming.) 
tions.  The  water  rheostat  should  undergo  the  modifications  spoken 
of  under  Exhibit  A.  On  account  of  the  small  space  which  it 
occupies  and  the  ease  with  which  it  is  kept  neat,  we  believe  that 
this  wall  cabinet  is  superior  to  the  ordinary  table  form  of  key- 
board. 

EXHIBIT  C  AND  D. 
flemming's  thirty-cell  combined  battery,     flemming's  twenty- 
cell  CONSTANT   current   GALVANIC   BATTERY. 

Both  of  these  batteries  are  founded  on  the  well-known  Stohrer 
battery,  much  modified  in  its  mechanical  arrangements.  It  does 
not  seem  necessary  to  give  a  detailed  description  of  them.  Suffice 
it  to  say  that  each  is  supplied  with  a  hydrostat,  which  is  a 
rubber-cushioned  sliding  board,  that  is  kept  pressed  down  on  the 
cells,  when  the  battery  is  closed  and  serves  to  prevent  spilling. 

In  Exhibit  C,  there  is  conjoined  with  the  battery  a  faradic 
apparatus,  provided  with  both  rapid  and  slow  interrupters,  which  is 
substantially  the  No.  3  laradic  battery  of  the  same  exhibitor. 

These  batteries  in  their  general  mechanical  arrangement,  and 
remarkable  excellency  of  workmanship  seem  to  the  committee  to 


Thirty-Cell  Combined  Battery,  (Flemming,) 
be  the  best  forms  of  the  portable  bichromate  batteries  in- 
vented, but  in  practice  they,  like  all  other  batteries  of  their  character, 
are  open  to  serious  objections.  Among  these  are  the  highly 
corrosive  nature  of  the  liquid  employed,  the  closeness  of  the 
connections  to  this  fluid,  the  great  ease  with  which  splashing 
occurs,  allowing  these  connections  to  become  corroded  and  the 
fact  that  the  joints  by  any  but  the  most  careful  handling  are  very 
apt  to  become  loose  and  allow  spilling. 

EXHIBITS  H,  I,  J  AND  K. 

H. — Flemming's  No.  i  faradic  battery, 

I. — Flemming's  No,  l  faradic  battery  with  slow  interrupter. 

J. — Flemming's  No.  2  faradic  battery, 
K, — Flemming's  No.  3  faradic  battery. 
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These  faradic  batteries  are  furnished  with  the  Grenet  cell  so  made 
that  when  not  in  action,  the  zinc  is  raised  out  altogether  and  the 
aperture  through  which  it  passes  securely  covered  with  a  rubber 
hydrostat,  making  the  cell  perfectly  fluid  tight  and  saving  the  zinc 
in  transportation  or  in  case  of  an  upset.  By  this  arrangement,  the 
cell  can  be  filled  and  the  zinc  immersed  for  its  whole  length.  This 
form  of  cell  the  committee  believe  to  be  well  adapted  to  the  needs 
of  the  practitioner  and  commend  it  highly. 


No.  3.  Fu^dic  Battery.    (Flemming.) 


Du  Bois-Reymond  Induction  Coil. 

The  coils  of  these  batteries  are  two  in  number. 

The  two  exhibits,  H  and  J  (batteries  No.  i  and  No.  2),  are 
much  inferior  to  Exhibits  I  and  K  (batteries  No.  1  with  slow  in< 
terrupter  and  No.  3),  in  the  complete  absence  of  the  slow  inter- 
rupter and  in  the  inferiority  of  the  rapid  interrupter.     We  do  not 


believe  that  either  of  these  batteries  is  adapted  for  use  in  the  physi- 
cian's office. 

Batteries  I  and  K  are  furnished  with  interrupters  similar  to 
those  on  which  we  have  commented  in  speaking  of  the  cabinet 
battery.  In  the  ease  with  which  the  current  can  be  graduated, 
in  the  greater  power  derived  from  longer  coils,  in  freedom  from 
pretence,  in  excellency  of  workmanship,  in  convenience  and  gen- 
eral adaptability  to  the  exigencies  of  daily  practice,  we  know  of 
no  faradic  battery  equal  to  the  battery  K  of  Mr.  Flemming ;  but 
for  many  practitioners,  the  lightness  and  cheapness  of  batteiy  I, 
will  give  it  preference,  and  the  occasions  mu£t  be  rare  in  which  it 
will  not  do  all  that  is  required  of  a  faradic  battery. 

EXHIBIT  M. 

TWENTV-CELL  PORTABLE   SEALED   CONTINUOUS  CURRENT  BATTERV. 

This  battery  derives  its  current  from  a  modification  of^the 
Leclanche  element  similar  to  that  described  in  connection  with  the 
cabinet  battery  (Exhibit  A),  but  in  somewhat  more  compact  form. 


Ledanch^  Sealed  Battery.    (Flemming.) 


The  cells  of  this  battery  were  referred  to  Committee  14,  from 
whose  report  the  following  figures  are  extracted  :  Cell  No.  l,  E; 
M.  R,  1-07  volts;  internal  resistance,  8  ohms;  current  strength  at 
setting  up, -13  ampere,  after  one  minute -09,  after  three  minutes 
■07.  Cell  No.  2,  E.  M.  F.,  146  volts;  internal  resistance,  135 
ohms. 

The  key-board  of  this  battery  is  furnished  with  a  galvanoscope, 
a  commutator  and  an  arrangement  for  current  selection,  similar  to 
that  of  the  cabinet  battery  of  the  same  manufacturer. 

In  the  absence  of  corrosive  fluid  and  in  permanency  and  con- 
stancy, this  battery  is  much  superior  to  any  sulpho-chromate 
battery.  To  make  it  satisfactorily  portable  would  require  only 
that  the  mechanical  arrangement  be  so  altered  as  to  close  the  cells 
more  perfectly.  To  adapt  it  to  the  full  range  of  medical  uses, 
would  require  a  distinct  increase  in  the  number  of  its  elements. 
In  its  present  form  the  battery  weighs  fifteen  pounds. 

In  order  to  determine  the  exact  value  of  this  twittery,  the  ele- 
ments were  referred  to  Section  XIV. 


EXHIBIT  N. 

HOREUS-LEWIS   PEDAL   RHEOTOME   AND   COMMUTATOR. 

This  instrument  is  designed  to  enable  the  electro-therapeutist 


Pedal  Rheotome  and  Commutator.    (Flemming.) 
to  break  the  current  regularly  without  the  aid  of  the  automatic 
rheotome  or  a  spare  hand.     We  believe  that  it  satisfactorily  ac- 
complishes its  object. 


j,VjOt.)i 


.c^lc 


EXHIBIT  O. 

UNPOLARIZABLE  OR   HOMOGENEOUS  ELECTRODES. 

These  are  the  well  known  unpolarizable  electrodes  of  Du  Bois- 
Reymond.  They  are  well  made,  but  seem  to  be  better  adapted 
to  physiological  research  than  the  needs  of  practical  medicine. 
MRS.  French's  battery. 
Mr.  Flemming  also  exhibits  certain  batteries  made  in  accords 
ance  with  the  general  plan  of  his  batteries,  with  the  exception 
that  the  coils  are  more  numerous,  and  are  composed  of  various 
metals.  By  the  varieties  of  the  coils  as  to  length,  thickness  of 
wire,  and  metals  employed,  it  is  claimed  by  the  inventor  (Mrs. 
French)  that  the  batteries  give  rise  to  forms  of  current  of  essen- 
tially different  physiological  powers.  The  committee  can  see  no 
reason  to  believe  in  the  existence  of  such  differences. 


Mrs.  French's  Battery.    (Flemming.) 

THE     KIDDER    MANUFACTURING    COMFANV,    OF     NEW    VOHK GALVANIC 

APPARATUS. 

The  galvanic  apparatus  of  these  exhibitors  consists  of  a  sulpho- 
chromate  battery  (Battery  A),  and  a  large  key-board  for  use  with 
any  desired  form  of  cell. 


Battery  A.    (Kidder.) 

Battery  A  is,  in  its  elements  and  general  form  of  construction, 
based  on  the  well-known  Stohrcr  battery.  The  objections  to  this 
form  of  battery  have  already  been  stated  by  the  committee.  (See 
Flemming's  exhibit.) 

There  are  certain  arrangements  of  the  present  battery  worthy 
of  commendation.  Especially  is  this  so  of  the  selector  slide.  This 
is  so  arranged  that  by  hooking;  back  a  spring  the  cells  can  be 
added,  so  as  to  make  a  series  of  shocks  when  the  current  is  rapidly 
increased ;  and,  by  loosening  the  spring,  the  current  can  -be 
increased  without  shock, 

This  battery  is  excessively  heavy,  and  as  its  glass  cells  are 
fragile  and  cannot  be  closed,  it  is  not  at  all  portable. 

The  key-board  is  adapted  either  to  be  placed  on  the  wall  or  on 
a  table.  It  is  provided  with  separate  commutators  and  separate 
terminal  posts  for  the  two  currents,  which  duplication  is  not  only 
unnecessary,  but  apt  to  give  rise  to  annoyance.  It  is  furnished 
with  a  galvanoscope  and  an  automatic  rheotome  to  interrupt  the 
jaradic  current.    This  rheotome  is  not  recommended  because  the 
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Cunent  Selector  for  Stationary  Battery.    (Kidde-,) 


Large  Faradic  Apparatus.    (Kidder.) 
periods  of  current   passage  are  very  long  while  the  interruptions 
are  very  brief.    The  commutator  has  the  serious  drawback  that  it 
cannot  be  used  as  a  hand  rheotome. 

The  arrangement  for  selecting  the  galvanic  cells  haj  the 
decided  advantage  of  permitting  a  broken  element  to  be  thrown 
out  of  the  circuit. 


Faradic  Batteiy  with  open  Cell,    (Kidder.) 


Open  Smee  Cell.    (Kidder.> 
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There  is  no  galvanometer. 

The  key-board  also  contains  a  faradic  apparatus  similar  to 
that  used  in  Battery  Mo.  2. 

The  rheotomes,  which  are  two  in  number,  are  of  good  character, 
the  slowest  vibration  attained  by  the  exhibitor  before  the  com- 
mittee was  sixty  per  minute. 

Six  forms  of  laradic  battery  were  shown  by  these  makers, 
varying  only  in  size  and  strength.    They  are  so  entirely  wanting 


Faradic  Battery  with  Tip  Cell.    (Kidder.) 


Hydrostatic  Tip  Cell.    (Kidder.) 
in  any  form  of  slow  interrupter  that  in  the  opinion  of  the  committee 
they  are  not  adapted  to  the  practical  work  of  the  physician. 

The  cell  employed  is  a  modified  Smec  element.  In  all,  except 
No.  I  and  No.  5,  the  cells  are  left  entirely  open  and  require 
emptying  of  their  contents  before  carriage,  or  else  they  are  only 
partially  closed.     Such  an  arrangement  of  elements  is  intolerable. 


Batteries  No.  i  and  No.  5  are  provided  with  so-called  hydro- 
static tip  cells  which,  though  large  and  cumbrous,  are  sufficiently 
tight;  and  when  not  in  use,  the  elements  are  exposed  only  to  the 
vapors  and  splashings  of  the  acid. 

The  Smee  element  is  employed  in  all  these  batteries.  Whilst 
this  is  more  permanent  than  the  sulpho -chromate  cell,  the  greater 
electro-motive  force  of  the  latter,  we  believe,  recommends  it 
especially  for  use  in  portable  faradic  batteries. 


Physician's  Visiting  Apparatus 
(Kidder.) 


SmecCdI.    (Kidder.) 

The  general  induction  coils,  used  by  the  Kidder  Company,  are 
composed  of  three  or  more  coils  of  wire,  each  differing  in  length 
and  diameter,  which  are  joined  in  the  binding  posts  in  such  a  way 
that  they  can  be  used  separately  or  in  unison.  It  is  claimed  that 
from  the  large  No.  i  battery  with  four  coils,  ten  galvanic  currents 
of  different  physiological  power  can  be  obtained. 

The  following,  in  their  own  words,  is  a  description  of  the  points 
of  superiority  claimed  for  their  coils  by  the  Kidder  Manufacturing 
Company , 

"  We  have  first  the  primary  coil,  over  which  the  influence  from 
the    battery    travels,    operating    the    automatic    circuit-breaker 
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(rheotome),  and  producing  a  current  of  great  quantity.  Wound 
over  the  primary  and  thoroughly  insulated  is  a  coil  having  a 
greater  length  and  smaller  diameter  than  the  primary  coil  and 
producing  a  current  of  greater  intensity  and  less  quantity  than  the 
current  from  the  first  coil. 

"  Over  the  first  coil  is  wound  a  third  coil,  having  a  still  greater 
length  than  the  first  and  a  small  diameter,  producing  a  current  of 
still  greater  intensity  than  the -second  coil  and  of  less  quantity. 

"  In  the  ten-current  apparatus  we  find  a  fourth  coil  over  the 
third  and  the  diameter  of  the  wire  is  very  small,  while  the  length 
is  greater  than  the  total  of  the  other  three  coils  combined,  produc- 
ing a  current  of  great  intensity  and  adapted  in  quality  for  the 
relief  of  pain,  etc. 

"While  the  helix  or  coil  is  composed  of  various  coils,  they  can 
be  united  so  as  to  form  one  continuous  coil,  producing  a  great 
variety  of  qualities  for  the  cure  of  diseases.  The  coils  are  so 
arranged,  according  to  length  and  diameters  of  the  wire,  as  to 
produce  the  best  results  with  the  battery-power  that  operates 
them, 

"  The  influence  of  the  primary  coil  or  the  quantity  current  from 
the  battery  can  be  conducted  through  the  various  coils  of  fine  wire, 
or  cut  out  of  the  circuit,  so  as  to  get  the  absolute  induced  currents 
from  the  induced  coils  when  desired," 

The  general  coil,  in  short,  is  composed  of  a  series  of  coils,  one 
within  the  other,  all  so  arranged  that  they  are  or  can  be  metal- 
lically connected  from  what  is  called  a  "  continuous  coil  "  machine. 
The  innermost  coil  is  short  and  made  of  thick  wire ;  the  next  is 
longer  and  finer ;  the  third  is  still  longer  and  finer,  and  so  on  to 
the  end  of  the  series. 

The  number  of  coils  used  in  the  construction  of  the  main  coil 
varies  with  tlte  size  and  price  of  the  particular  machine ;  thus  one 
form  of  apparatus  has  two  coils,  another  three  and  another  four. 

It  is  claimed  that  the  different  parts  of  this  compound,  contin- 
uous coil,  can  be  so  arranged  and  combined  and  so  tapped,  or 
drawn  off  for  use  as  to  give  a  large  number  of  different  currents  or 
diflerent  variations  of  the  qualities  of  the  currents.  It  is  claimed 
also  that  these  different  currents  or  different  qualities  of  currents, 
produce  different  physiological  effects,  and  different  effects  in  the 
cure  of  diseases. 

3t 
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Great  confusion  and  misapprehension  may  arise  from  the  exhi- 
bitor's method  of  speaking  of  the  currents  in  their  various  publica- 
tions, as  furnished  to  the  committee.  The  first  current  derived 
from  the  primary  coil  is  spoken  of  as  "  the  primary  influence,"  or 
"  primary  current."  or  "  galvanic  current."  The  next,  "  the  first 
induced,"  etc.  The  facts  being  that  the  current  from  the  first  coil 
(A  R),  is  simply  the  extra  current  or  primary  induced  current  and 
the  others  secondary  currents. 

It  is  well  known  that  no  galvanic  current  efficient  for  any 
medical  purpose  can  be  derived  from  the  single  cell  of  a  faradic 
battery,  and  that  the  induced  currents  derived  from  coils  superim- 
posed upon  one  another,  vary  only  in  tension.  All  that  can  be 
said  of  this  arrangement,  is  that  certain  induced  currents  of  vary- 
ing tension  are  obtained  by  the  sub-divisions  of  the  coil  used. 
These  currents  undoubtedly  vary  in  tension,  but  we  were  not  able 
to  obtain  any  clear  evidence  that  these  currents  varied  in  their 
practical  therapeutic  effects. 

The  coil  is  one  which  is  well  adapted  for  all  the  therapeutic 
purposes  for  which  faradic  batteries  are  commonly  used.  The 
current  or  currents  derived  Irom  it  can  be  admirably  regulated  by 
the  arrangement  of  the  binding  posts  and  regulator.  The  coil  has 
no  special  disadvantages.  What  the  committee  objects  to  are 
the  excessive  claims  of  these  exhibitors. 

UR.  flieschman's  exhibit. 

The  committee  examined  one  continuous  battery  of  this  maker. 
It  was  made  upon  the  general  principles  of  the  Stohrer  battery, 
and  is  open  to  all  the  objections  urged  against  this  form.  The 
mechanism  appeared  to  be  good,  and  we  especially  commend  the 
simple  arrangement  by  which  a  defective  cell  can  be  thrown  out  of 
the  circuit  and  the  current  be  increased  cell  by  cell  without  shock. 

The  so-called  large  double  cell  pendulum  battery  is  the  chief 
faradic  exhibit  of  Mr.  Fleischman.  The  following  claims  are 
made  for  it  by  the  exhibitor.  A  very  regular  and  grateful  cur- 
rent;  the  use  of  the  pendulum  interrupter,  which  requires  very 
little  power  to  keep  in  regular  motion,  when  at  rest  is  nearest  the 
magnetic  pole,  has  no  loose  connections,  and  that  the  coils  are  so 
arranged  that  there  is  a  galvanic  current  in  the  primary  current 
circuit. 
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The  committee  here  reiterates  what  it  has  already  said,  that  no 
■efBcient  galvanic  current  can  be  derived  from  a  single  cell. 

This  battery  certainly  furnishes  currents  of  very  great  power, 
but  it  appears  to  the  committee  to  be  lacking  in  delicacy,  as  is 
required  in  some  departments  of  electro-therapeutics. 

The  sulpho-chromate  galvanic  element  used  is  closed  simply  by 
an  india-rubber  cork,  which  is  not  retained  by  any  mechanism,  and 
is  in  our  opinion  hable  to  displacement.  This  greatly  endangers 
the  battery  from  the  escape  of  corrosive  fluid  during  transportation. 

The  so-called  pendulum  interrupter  or  rheotome  is  considered 
very  worthy  of  commendation.  It  has  the  great  advantage  of 
having  no  joints  to  get  out  of  order,  and  vibrates  very  steadily. 
The  slowest  vibrations  claimed  by  the  exhibitor  before  the  com- 
mittee were  112  per  minute. 

EXHIBIT   OF    MR.    A.    PARTZ. 

The  medical  exhibit  of  Mr.  Partz  consists  of  a  portable  medical 
voltaic  battery,  which  is  described  by  the  exhibitor  as  follows :  It 
consists  of  fifteen  tightly  closed  elements,  i^  inches  square  and 
4^  inches  high,  applicable  either  together  or  in  sets  of  three,  six, 
nine  and  twelve,  and  contained  in  a  box  6  inches  high,  6  inches 
wide  and  1 1  }^  inches  long,  the  whole  weighing  fourteen  pounds. 
The  electrodes  are  rods  of  zinc  and  carbon,  the  latter  having  been 
subjected  to  a  peculiar  cliemical  treatment  having  the  effect  of 
retarding  polarization.  The  excitant  liquid  consists  of  a  compound 
solution  of  about  fifteen  parts  of  chloride  of  zinc,  and  twenty-five 
parts  of  bichromate  of  ammonium  in  too  parts  of  water. 

For  this  battery,  the  follokving  claims  are  made :  The  initial 
■electro-motive  force,  as  determined  by  Mr.  A.  Gaifli^,  for  one  ele- 
ment is  1-65  volts;  and  after  partial  polarization  through  shunting. 
Count  du  Moncel  and  M.  Hospitaller  found  its  force  to  be  1-45 
volts,     {La  Lumiere  Eleclrigue,  t.  Ill,  p.  168.) 

The  battery  contains  no  acid,  is  free  from  all  "  local  action," 
and  may  be  kept  in  daily  use  for  over  a  year  without  anything 
being  done  to  it,  provided  that  it  be  not  unnecessarily  exhausted 
by  "  short-circuiting ;"  that  is  to  say,  by  placing  the  poles  in  con- 
tact without  a  part  of  the  human  body  being  inserted  in  the 
circuit. 

In  order  to   arrive  at   a  positive  conclusion  concerning   this 


battery,  it  was  referred  to  the  Battery  Committee,  which  reports 
as  follows : 

Cell  No.  I,  E.  M.  F.,  122  volts;  internal  resistance,  -8  ohm; 
current  strength  at  setting  up,  -42  amperes ;  after  two  minutes,  -39 ; 
after  four  minutes,  -39  ;  after  six  minutes,  -27  ;  after  eight  minutes, 
•24.     Cell  No.  2,  E.  M.  F,,  i-6  volts;  internal  resistance, -45  ohms. 

Various  galvanic  belts  were  examined  by  the  committee,  but 
none  of  them  have  sufticient  galvanic  power  to  exert  any  influence 
even  upon  the  human  sicin  and  certainly  not  upon  the  organs 
beneath  it,  and  we  believe  that  they  can  only  do  good  by  acting 
upon  the  imagination  of  the  patient. 

H.  C.  Wood,  Chairman, 
Chas.  K,  Mills, 
Jas.  Hendrie  Lloyd, 
G.  Granville  Faught, 
Locis  H.  Spellier, 
G.  Betton  Massey,  Secretary, 
Members  of  the  Sub-Committee  on  Therapeutic,  Galvanic 
and  Faradic  Apparatus. 

CAUTERY   BATTERIES. 

The  single  Cautery  battery,  upon  which  the  sub-committee  will 
report,  is  the  Universal  battery  of  Mr,  Otto  Flemming. 

The  novelty  of  the  movement,  as  Mr.  Flemming  states,  con- 
sists of  two  systems  of  ten-zinc  and  of  ten-carbon  plates,  each  of 
which  is  suspended  from  two  hard  rubber  platforms.  A  brass 
spring  is  connected  to  each  plate  by  a  screw,  which  passes  through 
the  platform  and  presses  against  a  cylindrical  commutator.  In 
the  lower  portion  of  the  box  are  placed  two  hard  rubber  cups, 
which  are  partitioned  off  into  ten  compartments  each.  Each  cup 
contains  a  mixture  of  bichromate  of  potassium,  sulphuric  acid  and 
water.  The  cups  are  placed  directly  beneath  the  system  of  sus- 
pended plates,  and  are  immersed  in  the  fluid  when  the  treadle  is 
depressed. 

The  advantages  of  the  battery  are  pronounced.  It  can  be 
managed  without  the  assistance  of  an  attendant.     It  is  easily  kept 


Universal  Battery.  (Ftemming.) 
in  efficient  order,  and  seldom  disappoints  the  expectations  of  the 
operator.  The  contact  of  the  liquid  with  the  zinc  and  carbon 
plates  (being  dependent  upon  the  movement  of  the  foot)  deter- 
mines both  the  degree  of  activity  of  the  elements  and  the  length 
of  time  they  have  been  brought  in  contact. 

Karrison  Allen, 
C.  Seiler. 
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INTERNATIONAL  ELECTRICAL  EXHIBITION,  1884. 
Fbaneun  Institute,  Philadelphia,  Pa. 


REPORT  OF  EXAMINERS. 
SBcnOH  XXIV. — Electbo-Dentai.  Appasattis. 


To  the  Board  of  Managen,  FraiJdia  Imdiute  : 

Gentlemen  ? — I  have  the  honor  to  traDsmit  herewith  the  n^rt  of 
the  Esuninets  of  Section  XXIV",  on  Electro-Dental  Apparatus. 
Respectfully, 

M.  B.  Shtdee, 
CJutirman  Board  of  Examitun. 
PHII.ADELPHIA,  DeoembfT,  1884. 


Chairman  Board  of  Eeammen,  IntemaiiotuU  ^eelrieal  EeM^ium : 

Bnt :— The  Examinera  in  Section  XXIV  (on  Electro-Dental  Ap- 
paratna),  respeotiiilly  present  the  following  report 

J.  F08TBB  Flagg,  D.D.8.,  (Cft'n.  Seotim  XXIV.) 
Philaiolphia,  Deacmber,  1S84. 
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ELECTRO-DENTAL  APPARATUS. 

This  Section  finds  presented  for  its  examioatioD : 
1st.  The  BoDwill  Electro-Magnetic  Mallet. 
2d.  The  Dental  Helix  and  Dental  Electrode. 
3d.  The  Electric  Mouth  Lamp. 

4th,  Numerous  small  Electric  Motors,  rnnning  eithw  by  dynamic 
or  voltaic  current,  and  adapted  for  dental  use. 

I.  The  Bonwill  ELEcrftoMAaxETic  Mallet. 

[The  Examiners  here  give  a  statement  of  facta  and  Itiferencee  t>eariDg  on 
the  history  of  the  appiloation  of  electricltytotbe  production  of  mechanical 
apparatus  for  treating  the  teeth,  in  which  the  services  of  Dr.  Bonwiii,  as 
the  originator  of  this  type  of  apparatus,  are  set  forth. — £d.  Cou.] 

The  dental  engine  of  Dr.  Bonwill,  run  either  by  foot  or  motor 
is  claimed  to  be  the  first  devised,  and  it  is  claimed  that,  with  the 
present  improveraente,  it  is  an  imitation  of  the  hiimlin  arm  aud  wrist 
joint.  It  is  capable  of  exceedingly  high  speed  and  the  utmost  delicacy 
of  movement,  and  is  of  extended  ntng^  both  as  to  power  aud  application. 

The  surgical  engine  is  t^e  first  ever  devised  aud  made  tndy  practical. 

It  is  a  duplicate  of  the  dental  mgine,  with  the  addition  of  a  mul- 
tiplying attachment  to  give  increased  speed  ftnd  power,  and  to  enable 
the  surgeon  to  be  entirely  free  from  any  pedal  movement,  the  assistant 
at  the  crank  driving  it  with  that  great  power  which  is  needed  in  the 
heavy  and  prolonged  operations  on  the  human  bones. 

Its  great  velocity  makes  it  more  sure  and  steady  in  the  surgeon's 
hand  while  performing,  witli  elegance  and  delicafy,  operations  that  no 
human  hand  could  possibly  be  capable  of. 

The  mechanical  mallet  is  the  outgrowth  of  Dr.  Bonwill's  mechanical 
pen. 

Beeumi. — The  electric  mallet  was  conceived  Feb.  27,  1867,  It  was 
improved  upon  uutil  1876,  and  placed  in  its  present  practical  shape  in 
187d.  The  first  three  forms  had  the  stroke  governed  by  clock-work 
rachet,  which  would  run  an  hour.  Since  1871-1872,  tlie  automatic 
brake  has  been  upon  the  instrument,  and  has  been  made  very  compact. 

The  first  electric  mallet  weighed  one  pound,  and  had  to  be  sus- 
pended from  the  ceiling;  the  last  one  weighs  but  five  and  a  half 
ounces,  and  is  used  in  the  hand  with  perfect  facility. 

The  dental  engine  dates,  at  least,  as  far  back  as  1869. 
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The  surgical  engine  )iad  its  birth  when  the  "  human  flexible  arm  " 
and  the  "universal  diuck  hand-piece"  were  devised,  in  1876.  The 
earlier  forms  of  arm  were  not  adapted  for  sui^ical  work. 

The  mechanical  m&llet  was  brought  out  during  1876  and  1877. 

Thus,  through  Dr.  Boni*il,  the  dental  profession  is  enabled  to  claim 
as  among  its  gifts  to  ButTering  hutnaoity  these  instruments,  which  do 
so  mucli  toward  lessening  labor,  relieving  pain. 

II.  The  Dental  Heux  and  Dental  Elexttkode, 

These  instruments  are  made  and  exhibited  by  Mr.  Otto  Flemming, 
1009  Arch  street,  Philadelphia,  Pa. . 

The  deutal  helix  is  a  coil  of  wire,  No.  20,  Stub's  gauge,  lifty  yards 
in  length.  This  passes,  in  the  usual  manner,  from  a  positive  electrode, 
is  coiled  around  a  covered  core  of  wiresy  and  around  a  sofl  iron  bar,  to 
a  rheotome  stand-post.  The  current  passes  by  this  route  through  the  rhe- 
otome  to  a  screw-nib,  and  thence  bach  to  a  negative  electrode.  The 
rheotome  stand-post  is  utilized  for  a  positive  electrode,  and  two  wires 
are  attached  to  the  main  wire  at  a  point  upon  the  other  side  of  the 
rheotome,  and  are  led  to  a  native  electrode. 

By  this  shunting  an  induced  current  is  obtained.  Upon  one  of  theqe 
two  wires  a  switch  is  placed  so  that  direct  or  open  contact  can  be  made ; 
while  into  the  circuit,  upon  the  otiier,  is  introduced  a  water  rheostat, 
by  means  of  whicli,  when  the  switch  is  open,  such  resistance  is  offered 
as  permits  the  production  of  an  interrupted  current  so  delicate  as  to 
give,  for  its  perceptible  minimum,  merely  a  slight  taste  (without  sensa- 
tion of  interruption)  wheu  applied  to  the  tip  of  the  thoroughly  moistened 
tongue. 

This  current  can  be  gradually  increased  in  stEengtii  until  it  becomes 
almost  unendurably  powerful. 

From  these  possibilities  this  helix  is  especially  adapted  for  operations 
upon  the  teeth,  as  the  exquisite  sensitiveness  of  the  fiflh  pair  of  nerves 
(sensory  to  the  teeth)  ie  such  as  to  render  ordinary  helix  currents  any- 
thing but  agreeable. 

This  helix  has,  according  to  testimony  presented  from  various  per- 
sons, been  very  successfully  used  for  the  alleviation  of  pain,  both  in 
extraction  of  teeth  and  in  the  preparation  of  cavities  of  decay  contain- 
ing exquisitely  sensitive  tooth-bone. 
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The  Dental  Electbobb, 
This  essential  adjunct  to  the  Dental  Helix  is  a  duplex  electrode  ao 
arranged,  shaped  and  oonneoted  that  by  the  use  of  one  hand  it  can  be 
held  and  applied  by  the  patient,  thus  secimng  a  passage  of  current 
from  the  part  to  be  operated  upon  to  the  hand  of  the  patient,  while 
the  other  band  of  the  patient  is  left  free  fur  the  graduating  of  a  pre- 
cisely acceptable  current,  by  means  of  the  withdrawal  or  insertion  of 
the  core  cover  referred  to  above. 

III.  The  Electbic  Mouth  Lamp. 

This  appliance,  in  the  exhibit  of  the  S.  S.  White  Dental  Manufactur- 
ing Co.,  poeseeses  for  the  dentist,  so  peculiar  a  value  as  to  render  it 
worthy  of  extended  mention  and  minute  description;  not  that  its 
employment  in  this  couutiy  of  bright,  clear  daylight  is  frequently 
necessary,  but  that  in  almost  all  doubtful  cases  relating  to  pulp  trouble 
and  peridental  irritation  it  gives  a  solution  of  such  positiveness  as  to 
be  simply  invaluable. 

The  idea  of  illuminating  the  oral  cavity  is  not  claimed  as  original 
with  this  exhibit,  but  the.  various  devices  possessed  only  by  the  S.  S. 
White  lamp  render  it  so  eminently  practical  as  to  reflect  great  credit 
Upon  their  Electrician,  Mr.  E.  T.  Starr.  Of  these  we  may  speak  j 
especially  of  the  encasing  of  the  lamp  in  a  hard  rubber  non-c(Xi- 
ducting  cylinder,  with  mirror  attachment,  so  arranged  that,  by  rota- 
tion of  the  casing,  it  completes  the  universal  joint  motion  partially 
attained  by  the  hinge  which  connects  the  lamp  to  the  handle;  and 
also  of  the  "  resistance  handle ;"  which  not  only  affords  greatly  increased 
safety  against  injuring  the  carbon  loop  of  the  lamp,  but  at  the  same 
time,  BO  r^ulates  the  flow  of  current  that  any  desired  d^ree  of  illu- 
mination may  be  easily  and  promptly  obtained. 

The  effects  resulting  from  the  use  of  this  lamp  as  an  oral  illuminator 
are  peculiar  and  beautiful  in  the  extreme;  the  teeth  and  gums  are,  if 
in  a  nornul  condition,  singularly  translucent,  and  the  slightest  devia- 
tions from  the  normal  condition  are  wonderfully  conspicuous. 

Those  who  have  used  the  lamp  for  the  ordinary  work  of  additional 
illumination  during  the  preparation  of  cavities,  and  the  introduction  of 
filling  material  during  dark  days,  report  it  as  of  marked  assistance,  and 
not  so  detrimental  to  sight  as  would  be  the  effort  of  straining  the 
unaided  vision. 

In  use,  the  lamp  is  placed  behind  the  object  to  be  illuminated — that 
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is,  BO  that  the  object  is  interpoeed  between  the  lamp  and  the  ej^e  of  the 
obserrer.  Thus,  \a  examining  the  teeth  the  lamp  is  placed  within  the 
arch,  so  that  its  light  lalls  apon  the  lingnal  or  palatal  sur&oee  of  the 
teeth,  while  the  eye  of  the  operator  is  direoted  to  the  labial  or  haocal 
snrfaceB. 

Description  of  tha  Cut. — The  lamp  £  is  an  incandesoeDt  electric  light 
mounted  p^manentl^  in  a  noa-oonducdng  case  or  cylinder  of  hard 
rabber.  The  lamp  is  supplied  with  metal  oonduotors  which  peas  outn 
side  of  the  section  of  the  case.  The  lamp  case  is  carried  in  another 
hard-rubber  cylinder,  D,  called  the  lamp-holder,  which  is  also  supplied 
with  metal  conductors  fitting  those  on  the  lamp  case,  the  two  parts 
when  adjusted  being  damped  tf^etber  by  the  set-so^w  F,  thus  holding 
the  lamp  firmly  iu  its  socket.  The  oonduotors  of  the  lamp-holder  are 
connected  to  the  handle,  A,  by  hinged  joints,  so  that  almost  any  desired 
adjustment  is  readily  secured.  This  handle  is  called  a  resistance  handle 
because  it  is  wrapped  with  wire  of  a  low  condu<^ng  power,  by  which, 
through  the  agency  of  the  ring,  /,  the  Sow  of  the  current  is  reflated. 
When  the  ring  ig  placed  at  the  end  of  the  handle  nearest  to  the  battery- 
cord  the  resistance  is  reduced  to  the  minimum  and  the  current  Grom 
the  battery  flows  freely  to  the  lamp.  Sliding  the  ring  to  the  opposite 
end  of  the  handle  compels  the  current  to  travel  through  the  wire  with 
which  the  handle  is  wrapped  to  the  ring  and  back  again,  thus  forming 
a  resistance.  The  connection  to  the  batteiy-coid,  S,  is  made  by  the 
spring-coupling,  G,  A  uon-oondatdiing  guard  or  shield,  O,  is  placed 
over  the  lamp-globe  for  the  double  purpose  of  preventing  the  radiation 
of  heat,  and  of  directing  the  light  to  any  point  desired.  At  ^  is  a 
screw  for  breaking  the  drcuiL  The  circuit  should  be  broken  occa- 
sionally daring  a  prolonged  examination,  and  also  whenever  the  lamp 
is  not  iu  use,  to  prevent  its  becoming  so  hot  as  to  be  unbearable  in  the 
mouth. 

For  the  examination  of  posterior  cavities  in  the  teeth  a  minor  set  at 
an  angle  of  46  d^rees  is  attaohed  to  the  end  of  the  guard. 

BaUery  Power — It  has  been  found  impossible  so  far  to  make  the 
lamps  of  exactly  equal  power,  but  the  variation  is  not  great.  To  de- 
velop their  full  capacity  requires  about  3^  to  6  volts — say  the  cnrrent 
from  three  cells  of  a  fiunsen  battery.  The  cells  of  the  battery  supplied 
with  the  Eleotro-m^;netic  Mallet  are  excellent  for  the  purpoee,  or 
three  cells  of  any  bichromate  Ixittcry  will  answer. 

CkiutMti, — When  connecting  the  lamp  to  the  battery-oells  always 


have  the  ring  J  (see  cut)  at  tlie  lamp  end  of  the  handle.  If  on  turning 
on  the  current  !t  ia  found  insufficient  to  develop  the  full  illuminating 
power  of  the  lamp,  elide  the  ring  down  the  handle  until  the  proper 
current  is  found.  If  through  n^Iect  of  these  precautions  too  much 
current  be  turned  on  it  will  probably  destroy  the  carbon  loop  of  the 
lamp. 

In  the  8.  S.  White  Dental  Manufacturing  Ck>.'8  exhibit  is  also  found 
a  sample  of  the  present  perfected  Bonwill  electro-magnetic  mallet, 
r^^arding  which  we  publish  a  reprint  of  portions  of  their  pamphlet 
upon  this  instrument. 

Sow  the  MaUd  U  Operated. — Connect  the  instrument  with  the  bat- 
teiy  by  pacing  the  tubes  attached  to  the  silk  matlet-oord  A,  over  the 
two  pins  (on  its  reverse  side,  but  not  seen  in  the  out).  Place  the 
index  finger  through  the  ring  B,  resting  upon  the  slide  C;  a  very 
g^tle  pressure  of  the  end  of  the  finger  upon  the  flange  of  the  slide 
closes  the  eirouit.  The  armature  D,  being  thus  attracted  to  the 
electro-mi^nets  £,  strikes  upon  the  hard-rubber  piston  or  plunger 
P  (this  ia  adjusted  by  the  sorew-nat  <?),  against  which  rests  Uie 
swell-end  of  the  packing  instrument  H.  Every  time  tJie  armature 
is  attracted  to  the  magnets,  it  strikes  the  plunger  F,  and,  at  the  same 
time,  the  rod  of  the  interrupter  /,  thus  breaking  the  circuit  at  K.  The 
armature  is  then  forced  away  from  the  magnem  by  the  spring  L,  and 
is  caught  at  M;  the  rod  of  the  interrupter  is  carried  back  to  its  posi- 
tion by  the  reooil-spring  N,  which  surrounds  it,  and  the  circuit  is  again 
clo6ed,the  instrument  being  thus  kept  in  operation  as  long  as  pressure 
is  continued  upon  the  flange  of  the  slide.  The  length  of  stroke  of  the 
armature  or  mall^  is  regulated,  and  the  force  of  the  blow  to  a  certain 
extent  controlled  by  the  nut  0,  acting  upon  and  flrmly  setting  the  rod 
P.  The  sound  is  lessened  by  the  hard-rubber  M,  in  the  top  of  the 
slot.  The  packing  or  filling  instrument  H,  which  passes  tJiroi^h  the 
hand-piece,  is  controlled  by  the  thumb  through  the  opening  B.  The 
springs  Q  (one  on  each  side  of  the  hand-piece)  keep  the  instrument  in 
Contact  with  the  plunger  F. 

As  each  piece  of  properly-prepared  foil  is  passed  over  the  flame  o 
alcohol  and  introduced  into  the  cavity  (either  by  an  assistant  with  light- 
pointed  foil-carriers,  or  by  the  operator),  and  simply  attached  to  that 
already  there,  the  instrument,  H,  being  in  position,  the  mallet  should 
be  set  in  operation  by  a  alight  pressure  of  the  index  finger  npon  th« 
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flange  of  the  slide  C     The  instrument  ^should  be  held  in  place  and 
guided  very  nearly  in  the  same  way  as  a  pen  or  pencil. 


One  position  of  the  hand  in  holding  the  electro-magnetic  nmllet  is 
here  illustrated,  the  thumb  and  index  finger  serving  to  steady  and  guide 
the  instrument  in  the  same  way  aa  a  pen  or  pencil,  and  to  close  and 
open  the  circuit. 

Some  of  its  principle  advantages  are  : 

First. — The  blow  is  delivered  upwn  the  packing  instrument  just  at 
the  point  where  its  force  is  greatest. 

Second. — The  force  of  the  blow  upon  the  gold  can  at  all  times  be 
controlled  by  the  operator. 

Third. — Properly  used  it  condenses  the  gold  thoroughly  and  evenly 
throughout  the  entire  filling. 

Fourth. — Gold  may  be  placed  t^inst  thin,  frail  walls,  and  made 
compact  without  fracturing  the  enamel. 

Fiflh. — It  saves  the  operator  time  and  the  fatigue  attendant  npon 
the  use  of  a  hand,  automatic,  or  foot-power  mallet. 

Sixth.— When  its  operation  is  understood  and  the  battery  is  kept  in 
order  according  to  instnictionB,  the  instrument  does  not  requira  any  more 
attention  than  a  watch. 
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IV.  Electric  Motobs  adapted  for  Dental  Use,  bunbing  by 
EITHER  Dynamo  or  Voltaic  Current. 

A  number  of  small  motors  (though  for  vaiious  reasons,  not  all  that 
were  upon  exhibition)  were  presented  for  examination  by  thb  section. 
Among  those  tested,  but  three  are  deemed  worthy  of  notice  as  specially 
adapted  to  the  requirements  of  the  dentist.  These  are  the  E^gerton,  the 
Van  De  Poele  and  the  Griscom  or  "  Double  Induction."  Of  these 
three  motors  as  in  comparison  with  all  tlie  others,  we  can  say  that  they 
are  very  greatly  superior.  In  comparing  these  three  motors  with  each 
other  the  accomplishment  of  our  desire  to  do  full  justice  is  more  diffi- 
cult, inasmuch  as  a  $15  instrument  is  placed  in  competition  with  a 
$25,  and  a  $30  instrument.  We  can,  therefore,  onjy  give  results,  and 
with  the  few  necessary  comments  for  and  against  each  motor,  leave  the 
decision  as  to  positive  superiority  to  be  governed  by  the  requirements  of 
each  individual  demand. 

1st.  The  Edgerton  Motor,  weighing  twenty-two  pounds,  and  coat- 
ing $30,  gave  decidedly  the  most  work  under  an  electro-motive 
force  of  5  volts.  If,  therefore,  the  weight  of  the  motor  was  not 
objectionable,  and  the  price  was  not  too  great,  there  would  be  found 
with  it  the  decided  advantage  of  capability  with  the  expense  and  oara 
of  but  three,  or  at  most,  four  rails  of  battery.  It  was  also  found  that 
with  8|  volts  (five  cells)  an  amount  of  power  was  given  which  far 
exceeded  the  limits  of  dental  requirements.  For  these  reasons  tiie 
Edgerton  motor  was  ranked  as  jirg(. 


Tbe  EdgerLoQ  Motor. 


2d.  The  Van  De  PoeU  Motor,  weighing  nine  pounds  ten  ounces,  and 
ooeting  $25  gave  a  very  satisfactory  response  under  a  current  of  5  volts. 
It  is  a  very  well  made  and  beautifully  balanced  instrument,  and  it  also 
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developed  an  amount  of  power  under  8J  volts,  quite  sufficieiit  for 
dental  purposes. 

3d.  Tlie  "Dovbk  Induction"  Motor. — This  is  a  small,  compact  motor 
weighing  but  two  pounds,  aixouncee,  and,  therefore,  capable  of  easy  sus- 
pension in  close  proximity  to  the  dental  chair.  Its  cost  is  hut  $15,  but 
it  requires  a  high  electro-motive  force  and  cannot  be  run  to  any  advantage 
with  less  than  from  10  to  12  volts,  necessitating  a  battery  of  at  least 
six,  and  preferably  seven  cells.  It  should,  however,  be  stated  that  with 
a  »w^'encyof  power  (15  to  20  volts)  the  capabilities  of  this  little  motor 
are  something  surprising,  and  it  therefore  becomes  specially  adapted  for 
the  direct  attachment  of  circular  saws  and  bure,  as  illustrated  in  the 
engine  for  both  light  and  heavy  work  in  general,  oral  and  dental 
sui^eiy,  as  devised  by  Dr.  M.  J.  Roberts,  of  New  York.  As  utilized 
by  this  engine,  the  "  Double  Induction"  motor,  under  a  current  of  20 
volts,  will  fulfill  any  demands  that  can  be  made  upon  it.  It  must  be 
distinctly  understood,  that  the  development  of  power  on  the  part  of  the 
two  preceding  motors  under  increased  volts,  is  proportionately  great, 
and  it  was,  therefore,  deemed  necessa^  that  they  should  have  precedence. 
All  of  which  is  respectfully  submitted. 

J.  FiBTEH  Flagg,  D.D.S.,  Chcdrraan. 
Cybus  Chambers,  Jh.,  Charles  K.  Mills,  M.D., 

Walter  M.  James,  M.D.,  Samuel  Sartain, 

James  Hexdrie  Lloyd,  M.D.,       C.  Seiler,  M.D.,  Secretary. 
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EFFECTS  AND  ART  PRODUCTIONS,"  WITH 
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I884-INTERNATIONAL  ELECTRICAL  EXHIBITION- 1884 
Franklin  Institute,  Philadelphia,  Pa. 


REPORT  OF  EXAMINERS. 


Section  XXVI.— Appucations  of  ELEcmuaTY  to  Artistic 
Effects  and  Art  Productions. 


To  the  Board  of  Managers  of  the  Franklin  Institute: 

Gentlemen  : — I  have  the  honor  to  transmit  herewith  the  report 
of  the  Examiners  of  Section  XXVI,  on  "AppHcations  of  Electricity 
to  Artistic  Effects  and  Art  Productions." 

Respectfully, 

M,  B.  Snyder, 
Chairman  Beard  of  Examiners. 
Philadelphia,  Januaiy,  1886, 


Prof.  M.  B.  Snyder, 

Chmrman  Board  of  Examiners,  International  Electrical  Exhibition  : 

Sir  : — The  Examiners  in  Section  XXVI,  respectfully  present 
the  following  report. 

Fred.  Graff, 
Chapfnan  Section  XXVI. 


Philadelphia,  January,  1886. 
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REPORT: 

The    applications    of    ELECTRICITY    to    ARTISTIC 

EFFECTS  AND  ART  PRODUCTIONS. 

The  Committee  at  its  several  meetings  very  quickly  came  to  the 
conclusion  that,  owing  to  exhaustive  sub-division  of  the  labors  of 
the  Board  of  Examiners,  very  little  original  sphere  of  action 
remained  for  its  consideration.  Two  subjects,  and  only  two,  ap- 
peared to  call  for  report  under  its  functions,  (i.)  The  influence  of 
electric  lighting  upon  decorative  taste.  (2.)  The  application  of 
electric  lighting  to  photography. 
I. 

Whoever  visited  the  exhibition  at  night,  needs  no  reminder  of 
the  growing  applications  of  electricity  to  the  production  of  artistic 
effects.  By  its  aid,  the  crude  building,  hurriedly  erected  without 
attempt  at  finish  for  a  temporary  purpose,  was  transformed  into  a 
temple  ol  light,  which  at  the  first  glimpse  evoked  expressions  of 
delight  from  every  beholder. 

The  exhibits  of  Edison  and  Weston  were  especially  worthy  of 
remark  in  foreshadowing  the  future  general  use  of  electricity  in 
domestic  decoration.  Revolving  stands  laden  with  flowers,  whose 
beautiful  bright  columns  were  disclosed  by  the  electric  lamps  dis- 
tributed amid  their  green  foliage  ;  purling  fountains  subsequently 
illuminated  with  various  hues;  glowing  bouquets,  all  apparently 
usual  features  of  a  modern  drawing  room,  gave  a  foretaste  of  the 
esthetic  furnishing  of  the  future.  It  is  evident  that  the  general 
introduction  of  the  electric  light  must  have  a  most  decided  effect 
in  the  modification  of  everything  that  appeals  to  our  taste.  House 
decorations,  dress  materials,  must  all  be  fabricated  with  the  condition 
of  producing  maximum  pleasing  effect  under  powerful  and  search- 
ing electrical  illumination.  The  vista  of  possibihties  of  discussion 
opened  from  this  point  of  view  is  illimitable,  and  the  section  has 
concluded — wisely  it  is  hoped — to  refrain  from  entering  it.  A 
probable  reflex  result  may,  however,  be  mentioned. 

Physicians  agree  that  we  suffer  in  our  homes  from  want  of  sun- 
light. We  furnish,  dress,  and  live  for  gaslight.  When  our  sur- 
rounding shall  have  been  accommodated  to  the  brilliant  illuminant 
of  the  future,  we  need  no  longer  shut  out  the  bright  light  of  day. 


s 

under  whose  health-giving  sheen,  dull  eyes  and  waxen  cheeks  will 
brighten  and  bloom 

11. 

Mr.  W.  Curtis  Taylor,  of  Pliiladelphia,  established  an  electrically- 
lighted  alelier  in  the  Exhibition  Building,  and  thus  gave  opportunity 
to  thousands  of  practically  witnessing  the  photography  by  electric 
light. 

Owing  to  the  circumstances  of  the  case,  he  was  necessarily 
cramped  in  room,  yet  notwithstanding  this  drawback,  he  was  very 
successful  in  results.  His  method  is  fully  described  in  the  report 
herewith  appended.  Mr.  Kurtz,  of  New  York,  exhibited  some 
remarkably  beautiful  pliotographs  taken  by  electric  light.  The 
Chairman  and  Secretary  of  the  Section  visited  his  studio  in  New 
York,  and  through  his  courtesy  and  that  of  his  assistant,  Dr.  Ehr- 
mann, were  placed  in  full  possession  of  the  details  of  his  method  o' 
procedure. 

The  apparatus  employed  by  Mr.  Kurtz,  as  will  be  seen  by  the 
description  and  wood-cuts  given  in  Appendix  H,  is  much  more 
elaborate  than  that  used  by  Mr.  Taylor,  requiring  a  skilful  and 
artistic  operator  to  manipulate  the  numerous  lights  and  the 
movable  posing  platform. 

Mr.  Taylor's  wliole  arrangement  is  exceedingly  simple,  can 
readily  be  erected  and  put  in  use  in  the  usual  photographic  gallery. 
Its  manipulation  is  comparatively  easy,  the  cost  of  getting  up  the 
apparatus  is  low,  compared  with  that  as  employed  by  Mr.  Kurtz, 
It  must,  however,  be  conceded  that  the  latter  gentlemen  has  pro- 
duced with  his  arrangement  wonderfully  artistic  and  perfect  work, 
quite  as  good  as  many  made  by  daylight. 

Mr.  C.  H.  James,  of  Philadelphia,  exhibited  some  .striking  views 
of  parts  of  the  "  Caverns  of  Luray,"  taken  by  electric  arc  lights,  in 
1882,  The  details  of  the  method  of  doing  this  difficult  work  are 
contained  in  Appendix  C. 

Fred.  Graff,  Chairman. 
O.  E.  MiCHAELis,  Secretary  Section  XXVI. 
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APPENDIX  A. 

1328  Chestnut  Street,  Philadelphia. 
Fred'k  Graff,  Esq.,  Chairman,  etc..  Section  XXVI,  Intemationat 

Exhil/ition  Franklin  Institute, 

Dear  Sir  : — As  an  accompaniment  to  the  collection  of  photo- 
graphs, which  I  shall  have  the  pleasure  of  presenting  to  the 
Franklin  Institute,  I  beg  to  offer  the  following  description  of  our 
studio  in  the  Exhibition  Building,  where  the  negatives  were  made. 

Since  making  the  experimental  photographs,  in  the  hall  of  the 
Franklin  Institute,  in  1877  (believed  to  be  the  first  made  by- 
electric  light  in  America),  I  had  not  used  artificial  light  for  making 
negatives  until  my  present  arrangement  was  put  into  operation  at 
your  Exhibition. 

Methods  elsewhere  adopted  for  photographing  from  life  by- 
electric  light  may  be  classed  under  two  principal  heads:  (I.)  The 
use  of  one  or  two  powerful  lights  in  conjunction  with  condensing 
reflectors  of  moderate  size,  and  (2)  the  use  of  a  large  number  of 
moderate  lights  without  condensation. 

In  the  first,  it  is  sought  to  avoid  the  hard  effects  by  making 
either  the  lamps  or  the  sitter  change  position  constantly  during 
the  operation,  in  order  to  round  off  the  shades  and  produce  modu- 
lation of  the  features.  The  former  is  the  method  of  Liebert  in 
Paris  and  Van  der  Weyde  in  London.  I  am  able  to  lend  for  your 
inspection  photographs  by  Liebert,  taken  at  the  Paris  Exhibition, 
in  1881 ;  and  you  have,  in  your  own  Exhibition,  specimens  of  the 
work  of  Van  der  Weyde.  I  think  you  will  agree  that  in  each  of 
these  is  a  too  definite  line  of  demarcation  between  the  lights  and 
shades. 

Mr.  Kurtz,  of  New  York,  makes  his  sitter  and  camera  box 
revolve  together  under  a  fixed  light.  He  also  has  specimens  in 
your  Exhibition.  Being  a  skilful  and  pains-taking  artist,  Mr  Kurtz 
has  produced  excellent  effects  by  this  means,  where  the  mere  pho- 
tographer would  have  made  a  miserable  failure.  As  a  strong  objec- 
tion, however,  to  his  method,  I  submit  that  most  sitters  would  find 
it  very  inconvenient  to  be  swinging  about;  as  at  such  a  time  they 
find  it  hard  enough  to  keep  tranquil  even  under  the  most  favorable 
circumstances. 

Mr.  Mayall's  light  in  London,  is  on  the  principle  classed  above 
as  second.     He  uses  a  great  number  of  Swan's  incandescent  lamps, 


arranged  in  circles  over  and  around  the  sitter,  but  so  far  as  my 
latest  information  goes,  no  general  diAusion  or  softening  of  the 
light  is  otherwise  attempted.  It  cannot  be  agreeable  to  the  eye. 
I  have  seen  no  specimens  of  his  work. 

It  was  my  object,  when  preparing  for  the  present  Exhibition,  to 
imitate  as  closely  as  possible  the  natural  daylight  effects  of  our 
permanent  studios,  the  result  of  long  and  general  experience  of 
photc^raphic  needs.  The  problem,  then,  was  to  produce  a  flood  of 
gentle,  but  sufficient,  white  light,  to  cover  such  an  area  at  the  top 
and  one  side  as  should  throw  over  and  around  the  subject,  from 
this  one  source,  a  light  of  its  own  nature  diffused  and  requiring  no 
counter  lights  for  its  modification.  This  is  precisely  what  we  do 
in  our  skylights.  To  effect  the  same  purpose  at  the  Exhibition  we 
placed  two  arc  lights  of  1,000  candles  each  near  the  central 
line  of  the  studio,  4  feet  apart,  and  about  8  feet  6  inches  from  the 
floor.  The  light  nearly  overhead  to  the  sitter  is  covered  with  a 
porcelain  giolw;  the  other  with  a  glass  globe,  ground  on  the  lower 


Fig.  1. — Section  of  Studio  at  International  Exhibition  of  Franklin  Insti- 
TtrrE.    Plan  by  W.  Curtis  Taylor.     1884. 
W  W^^ide  walls  of  studio. 

L  L. — Arc  lamps  arranged  parallel  with  sides  of  room, 
r.— Tent. 

P. — Tissue  paper  to  diffuse  light. 
R. — White  drapery,  adjustable;  for  reflection. 
A. — Dark  screen,  adjustable;  for  absorption  of  light. 
S. — Usual  position  of  head  of  sitter. 
M. — White  muslin,  to  subdue  too  intense  light  over  sitter's  head. 
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half  and  clear  above.  Covering  these  was  a  white  muslin  tent,  the 
whole  size  of  the  apartment  (which  was  lOx  12  feet)  and  rising  at 
the  apex  about  4  feet  above  the  lamps.  Spread  on  wires  below  the 
lamps  was  a  sheet  of  silicated  tissue  paper,  nearly  the  size  of  thetop 
of  the  room,  and  about  eight  feet  above  the  floor.  This  served  the 
double  purpose  of  further  diffusing  the  great  body  of  light  shed 
down  from  the  lamps  and  the  white  tent,  and  of  bringing  the  light 
nearer  to  the  floor,  thus  increasing  the  angle  of  illumination. 
This  paper  stopped  about  2  feet  6  inches  short  of  that  side  of  the 
room  corresponding  to  the  "  side  light "  of  an  ordinary  studio,  in 
order  to  allow  the  unobstructed  light  to  pass  over  it  at  that  place. 
The  free  light  from  above  here  fell  upon  a  white  muslin  reflector, 
hung  on  the  wall,  and  reaching  to  the  floor.  The  force  of  this 
reflector  was  varied  by  inclining  it  at  a  greater  or  less  angle  to  the 
light  rays.  On  the  opposite  side  of  the  room  a  greater  or  less 
exposure  of  dark  drapery  determined  the  position  and  depth  of 
shade  required  for  artistic  effect. 

From  what  is  here  stated,  it  will  be  seen  that  the  prominent  and 
peculiar  feature  of  this  plan  is  the  simplicity  of  its  means  for  pro- 
ducing around  the  subject  a  great  extent  of  diffused  and  non-bril- 
liant li;jht.  The  common  remark  of  all  who  saw  it  for  the  first  time 
was  that  it  was  "softer  than  daylight,"  yet  it  was  sufficient  to  make . 
a  perfect  dry  plate  negative  in  six  to  twelve  seconds. 

On  this,  the  closing  day  of  the  Exhibition,  I  will  add,  as  the  result 
of  ourexperience.that  nothing  was  needed  to  make  our  experimental 
Hght  right  as  to  principle  but  more  space  in  our  studio.  There  is 
a  certain  atmospheric  effect,  hard  to  be  described,  which  it  is 
impossible  to  get  in  a  little  cooped  room. 

Respectfully  submitted, 

W.  Curtis  Tavlor, 

October  II,  1884.. 

APPENDIX  B. 

Mr.  Kurtz  endeavors  to  secure  as  thorough  diff'usion  of  the 
light  as  possible  by  multiplying  the  number  of  arc  lamps,  and  pro- 
viding each  with  globes  of  ground  o/opaline  glass,  or  with  lanterns 
of  thin  tissue  paper.  The  lights  may  also  be  grouped  in  various 
ways  relatively  to  each  other.  But  not  satisfied  with  this,  Mr. 
Kurtz  resorts  to  the  expedient  of  placing  both  the  sitter  and  the 


camera  on  a  platform  pivoted  on  a  centre  pin,  and  of  rotating  the 
platform  during  the  operation  of  photographing  so  as  to  vary  the 
angle  at  which  the  light  from  each  lamp  strikes  the  sitter.  In  this 
way  the  light  is  made  to  strike  each  feature  at  every  angle  as  it 
passes  successively  from  a  shady  to  a  lighted  position  or  vice-versa, 
and  thus  an  artificial  dijTusion  is  obtained  which  produces  superior 
blending  effects  in  the  lights  and  shadows  of  the  picture. 
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Fic;.  2.— Plan  and  Seclion  of  Turn-table. 
//. — Movable  platform. 
B. — Chair  for  sitter. 
C — Camera. 
a  i.— Pivot  upon  which  the  platform  revolves. 

The  camera  occupies  one  end  and  the  sitter  the  other  end  of  the 
platform,  which  is  raised  above  the  floor  and  turns  on  its  centre  on 
a  steel  pin  which  is  received  in  a  vertical  bearing  in  the  centre  of 
the  floor.  The  frame  of  the  platform  consists  of  two  cross  beams 
superposed  at  the  centre,  and  supporting  two  parallel  beams  ex- 
tending lengthwise  and  upon  which  the  flooring  is  laid  transversely. 


This  construction  gives  great  solidity  to  the  platform  and  dimin- 
ishes the  chances  of  vibration,  whether  lateral  or  longitudinal,  by 
which  the  sitter  and  the  camera  might  be  disturbed  relatively  to 
each  other,  as  the  platform  is  rotated  by  the  operator.  This  is 
important,  for  if  the  platform  vibrated  in  this  manner  the  image  in 
the  camera  would  be  displaced  to  and  fro  to  a  slight  extent,  and 
the  picture  would  be  blurred  and  indistinct.  A  curved  screen 
placed  behind  the  sitter  serves  as  a  kind  of  concave  reflector,  which 
assists  in  diffusing  the  light  from  the  lamps.  The  camera  stand  is^ 
supported  on  wheels,  and  it  is  movable  on  a  small  track  (not  shown 
in  the  engraving)  from  one  side  of  the  platform  to  the  other  in  the 
arc  of  a  circle  of  which  the  centre  is  exactly  at  the  point  occupied  by 
the  sitter.  This  innovation  will  greatly  interest  photographers,  and  it 
reflects  credit  on  the  ingenuity  of  Mr.  Kurtz.  The  utility  of  this- 
arrangement  is  very  great.  It  is  customary,  at  least  in  this  country, 
to  take  several  views  of  each  sitter,  in  different  presentations,  such  as 
full  face,  right  side,  left  side,  etc.,  and  let  the  sitter  select  from  the 
proofs  of  the  negatives  that  which  is  the  most  suitable.  In  every 
case  if  is  necessary  to  re-focus  the  camera  with  each  change  of  posi- 
tion. But  wyth  this  arrangement  the  camera  remains  in  focus  as  it 
moves,  and  thus  two  or  more  positions  may  be  photographed 
without  trouble  to  the  operator,  who  simply  pushes  the  camera, 
sidewise  and  exposes  a  fresh  plate.  The  arrangement  by  which  the 
operator  is  enabled  to  dispose  the  lamps  at  the  convenient  distance, 
and  in  the  proper  relation  to  the  sitter,  is  most  ingenious,  and 
recalls  the  overhead  railways  found  in  machine  shops  where  heavy 
pieces  of  machinery  are  to  be  moved  from  one  machine  to  the 
other.  The  group  is  composed  of  six  arc  lights,  which  are  sus- 
pended from  a  transverse  frame  extending  horizontally  from  one 
side  of  the  room  to  the  other  at  a  little  distance  below  the  ceiling, 
and  which  constitutes  a  travelling  carriage,  provided  with  wheels  or 
rollers  and  moving  on  wooden  rails  extending  from  one  end  of  the 
studio  to  the  other  on  each  side  and  supported  by  wooden 
brackets. 

The  transverse  frame  itself  carries  a  smaller  carriage  which 
moves  from  one  side  of  the  room  to  the  other,  and  supports  the 
screen-holder,  consisting  of  a  horizontal  frame  which  rotates  on  a 
vertical  pin  projecting  down  from  the  smaller  carriage.  To  this 
frame,  a  flat  screen  is  hung  on  couplings,  so  that  it  may  be  disposed 


at  any  angle,  from  the  vertical  to  the  horizontal.  The  lai^er  or 
vinain  travelling  carriage  supports  three  of  the  six  arc  lamps,  and  the 
screen-holding  frame  supports  the  remaining  three.  It  will  be  seen 
that  in  this  way  the  lights  are  in  reality  divided  into  two  groups 
which  can  be  moved  together  or  singly.  Thus,  when  the  trans- 
verse frame  is  moved,  the  whole  system  moves,  but  when  the 
smaller  carriage  is  moved,  from  side  to  side,  only  three  lights  are 
moved,  thereby  establishing  a  new  relative  position  between  the 
two  groups,  which  may  be  varied  still  Further  by  swinging  the 
screen-holder  which  supports  them.  Not  satisfied,  however,  with 
the  facilities  for  varied  diffusive  effects  which  this  arrangement 
afTords,  Mr.  Kurtz  has  provided  each  lamp  with  its  own  small 
travelling  carriage,  so  that  the  lights  of  each  group  may  be  moved 
from  side  to  side  as  occasion  requires, 

Mr.  Kurtz  has  adopted  the  electric  lighting  system  of  the  Excel- 
sior Electric  Company  of  this  city. 

The  time  of  exposure  is  not  greatly  in  excess  of  that  required 
under  an  ordinary  skylight.  A  cabinet  size  head  taken  with  a  3  B 
Dallmeyer  lens,  using  a  No.  2  stop  and  on  a  plate  of  average  capa- 
city (Mr.  Kurtz's  own  manufacture  in  most  cases)  requires  five  to 
eight  seconds,  although  the  time  has  been  reduced  to  three  seconds 
under  special  circumstances.  For  measurement,  a  metronome  is 
used. 

In  the  basement  of  the  premises  connected  with  the  main  estab- 
lishment, there  is  a  branch  for  the  phot<^raphing  of  technical  and 
other  inanimate  objects;  for  the  reproduction  of  maps,  prints, 
drawings,  etc. ;  silver  printing  and  the  making  of  process  plates — 
all  being  done  by  the  electric  light.  Here  was  recently  accom- 
plished the  photographing  of  the  electric  spark  of  the  telephone 
in  the  yj^^jy  part  of  a  second. 

APPENDIX  C. 

The  negatives,  from  parts  of  the  Caverns  of  Luray,  of  which 
photographs  were  exhibited,  were  taken  in  the  year  1882,  by  Mr.  C. 
H.  James,  of  Philadelphia. 

The  pictures  intended  for  the  stereo,  on  5  x  8  plates,  were  made 
with  a  pair  of  Dallmeyer's  quick-acting  four  and  one-half  focus 
single  view  lenses ;  those  on  7  x  9  plates,  with  an  eight-inch  focus 
Ross    portable    symmetrical  lens,  and  the  large  18x22   plates. 


with  an  eighteen-inch  focus  Ross  portable  symmetrical  lens, 
almost  all  the  pictures  being  taken  with  the  smallest  stop  of  the 
respective  lenses.  The  exposures  with  the  first  named  averaged 
two  and  one-half  hours,  the  7x9  three  and  one-half,  and  the 
1 8  X  22  as  much  as  eight  hours. 

The  focussing  was  difficult,  and  accomplished  by  means  of  a 
lighted  candle  set  upon  such  spots  as  it  was  desired  to  photo- 
graph. 

The  illumination  by  which  the  pictures  were  made,  was  sup- 
plied by  the  Thomson- Houston  arc  lights,  with  which  all  the  most 
frequented  parts  of  the  cave  are  furnished.  These  are  supplied  from 
the  dynamo  in  an  engine  house  at  the  hotel,  at  a  distance  of  nearly 
a  mile  from  the  cave,  communication  being  kept  up  between  the 
operator  and  the  engineer  by  telephone. 

The  power  of  the  light  was  estimated  at  3.OOO  candles,  and  in 
all  cases  where  the  character  of  the  subject  required  more  than  one 
of  the  lamps,  the  greatest  care  was  taken  in  the  management  of  the 
illumination,  which  was  recnforced  by  the  use  of  a  screen  or  par- 
tial reflection  of  white  paper  immediately  behind  the  lamp,  so  as  to 
break  up  the  light,  modify  and  deprive  it  of  its  extreme  harshness. 
Much  of  the  success  was  attributed  to  the  skilful  use  of  this  de- 
vice. Indefatigable  patience  and  hard  work  was  required  to  obtain 
successful  results. 

Mr.  James  found  the  electric  light  exceedingly  deceptive,  for  in 
many  cases  when  but  little  or  nothing  could  be  seen  upon  the 
ground  focussing  glass  of  the  camera,  comparatively  short  ex- 
posures gave  good  negatives. 

The  pictures  were  all  taken  upon  gelatine  dry  plates. 
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I884-INTERNATIONAL  ELECTRICAL  EXHIBITION-1884 
Franklin  Institute,  Philadelphia,  Pa. 


Report  of  Examiners  of  Section  XXV,  on  the  "Application  of  BUc- 
tricity  to  Musical  Instruments." 


(Issued  as  a  Supplement  to  Section  XXVI.) 

REPORT. 

There  was  only  one  exhibit  in  this  class,  viz  ,  the  Roosevelt 
electric  organ.  Electricity  is  made  to  perform  all  the  work  of  the 
"action."  The  "trackers,"  "rollers,"  "stickers"  are  dispensed 
with  in  the  key  action,  and  the  various  levers,  etc.,  in  the  stop 
action,  thus  securing  extreme  simplicity,  and  consequently  little 
liability  to  get  out  of  order,  and  making  it  possible  to  place  the 
key-board  at  any  distance  from  the  organ,  and  even  move  it  from 
place  to  place  if  desired.  The  current  is  supplied  by  a  Leclanche 
battery,  and  is  utilized  as  follows:  A  row  of  electro-magnets,  one 
for  each  key,  is  placed  under  the  pneumatic  valves  that  open  the 
pallets.  The  armatures  are  attached  to  the  pneumatic  valves. 
When  the  key  is  depressed,  the  circuit  is  closed,  causing  the 
magnet  to  attract  the  armature,  thus  opening  the  pneumatic  valve. 
When  the  circuit  is  broken,  the  pneumatic  valve  is  closed  instantly 
by  a  spnng.  The  device  for  closing  the  circuit  consists  of  the 
following  parts:  (I.)  On  the  under-side  of  the  key  is  a  thin 
vertical  strip  of  brass,  (2.)  A  strip  of  wood  passes  horizontally 
across  the  keys,  furnished  with  small  brass  buttons — two  to  each 
key — to  which  the  wires  from  the  battery  are  attached.  When 
the  key  is  depressed,  the  vertical  strip  of  brass  slides  from  the  upper 
to  the  lower  button,  thus  forming  a  metallic  connection,  and  closing 
the  circuit.  A  similar  device  is  applied  to  the  draw  stops,  pedals 
combinations  and  couplers. 

H.  A.  Clarke, 

Chairman  of  Committee, 
Rich.  Zeikwer. 
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INTERNATIONAL  ELECTRICAL  EXHIBITION,  1884. 
Fra^iexin  Inshtcte,  Philadelphia,  Pa. 

REPORT  OF   EXAMINERS. 
Section  XXVII. — AppLicAxioire  op  Eleoteicity  to  Wa.bfake. 


lb  the  Board  of  Managert,  Franilin  InstiitiU: 

GENTLEHEtT : — I  have  the  honor  to  traoBmit  herewid)  the  report  of 
the  ExamiDers  of  Section  XXVII,  on  Applications  of  Electricity  to 
Warfare. 

Reepectfullj, 

M.  B.  Sntdeb, 
Ohairman  Board  oj  Examinert. 
Philadelphia,  Deoember,  1884. 


Chairman  Board  of  Examiners,  InternaUcmal  Eledrieal  Exhibition  ,• 

Sir  :  The  Examiners  in  Section  XXVII  (on  Applications  of  Elec- 
tricity to  Warfare),  respeotfally  present  the  following  report. 


Philadelphia,  Daoember,  1 


D.  P.  Heap  (OAH 
Examiaera  of  Section  XXVII. 
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Treasdby  Depabtmeht, 
Office  op  the  Light-House  Board, 

WaAmgbm,  Nooen^er  SI,  I8S4. 
Sib: — I  have  the  honor  to  Bubmit  herewith  the  report  of  Section 
XXVII  on  the  applicatioDS  of  electiidty  to  tmrfare.  The  exhibit  of 
the  Ordnance  Depnrtmoit,  U.  S.  N.,  is  the  only  one  contfuning  appli- 
ances of  this  nature.  As,  however,  search  lights  to  he  used  either  on 
tlie  deck  of  a  vessel  or  from  shore  would  be  useful  in  warfai-e,  your 
committee  has  made  a  careful  report  of  the  best  of  those  exhibited. 
As  chronographs  are  used  to  determine  the  velocity  of  projectiles,  there 
is  included  a  description  and  plate  of  a  tai^t  oaed  in  connection  with 
them,  possessing  some  novel  features.  The  ohronographs  themselves 
come  under  the  head  of  "  instruments  of  precision,"  and  are  therefore 
not  described  in  this  report. 

Kespectfally  submitted, 

D.  P.  Heap,  Major  of  Enpneers,  U.  S.  A., 

Otainnan  Section  XXVII. 


BRUSH  AUTOMATIC  FOCUSING  LAMP. 

Exhibited  by  the  Brush  Elbcpkic  Lighting  Co. 

This  lamp  is  similar  in  principal  to  the  well-known  Brush  lamp, 
the  difference  beinj;;  that  both  carbons  feed  instead  of  one,  the  upper 
cai'bon  about  twice  as  fast  as  the  lower.  This  is  accomplbhed  by  means 
of  a  lever,  the  short  arm  of  which  is  attached  to  the  lower  carbon,  and 
the  long  arm  to  the  upper  carbon,  when  the  arc  becomes  too  short,  the 
electro-magnet  raises  the  upper  carbon  and  by  means  of  the  lever 
lowers,  at  the  same  time,  the  lower  carbon. 

The  length  of  the  short  arm  of  the  lever  can  be  changed  so  that  the 
proportion  between  the  length  of  the  lever  arms  can  be  made  to  cor- 
respond accurately  to  the  rate  of  the  consumption  of  the  carbons  to 
which  they  are  attached.  Two  guides  through  which  the  carbons  pass 
near  the  focus  assure  their  proper  alignment.  The  whole  apparatus  is 
exceedingly  simple,  well  and  strongly  made,  and  could  be  used  in  a 
reflector  to  advantage  as  a  search  light.  The  lamp  exhibited  is  about 
4,000  candle-power.  D.  P.  H. 
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BRUSH  HAND  FOCUSING  LAMP. 

This  is  the  ordinaiy  Brash  lamp  with  the  additioD  of  a  horizontal 
wheel  bj  whicli  the  whole  lamp  can  be  raised  or  lowered,  so  as  to  bring 
the  arc  in  focus ;  the  upper  carbon  feeds,  the  lower  is  fixed.  This 
lamp  was  specially  designed  for  use  in  magic  lantdms,  in  place  of  the 
oxj-hydrogen  light  and  generally  for  laboratory  use.  It  of  course 
needs  nearly  constant  attention  to  keep  the  ai«  in  focus.  The  lamp  is 
well  and  simply  made,  and  is  well  adapted  for  the  purpose  for  which 
it  was  designed.  D.  P.  H. 


STEAMSHIP  PROJECTOR  AND  FOCUSING  LAMP. 
Exhibited  by  the  United  States  Electric  Lighting  Company. 

This  consists  of  three  principal  parts,  namely,  the  lamp,  the  parabolic 
reflector  and  the  supporting  frame.  The  lamp  differs  in  this  particular 
from  the  ordinary  lamp  made  by  this  company ;  instead  of  only  one, 
both  carbons  feed;  this  is  accomplished  by  means  of  a  cord  passing 
over  a  small  pulley  which  is  attached  to  the  lower  carbon,  the  end  of 
the  cord  being  made  &st  to  the  circumference  of  a  larger  pulley  cod- 
nected  with  the  feeding  mechanism  of  the  upper  carbon,  the  whole 
being  so  arranged  that  the  upper  carbon  will  feed  about  twice  as  fast 
as  the  lower  and  thus  the  arc  will  remain  in  the  focus  of  the  reflector. 

A  device  of  this  kind  is  necessary  when  a  continuous  current  is  used, 
as  the  up})er  carbon  is  consumed  about  twice  as  fast  as  the  lower.  If 
an  alternating  current  be  used  the  upper  and  lower  carbons  should  have 
the  same  feed,  in  this  case  the  two  wheels  mentioned  would  be  of  the 
same  diameter.  The  parabolic  reflector  is  contuned  in  a  metal  drum 
with  trunnions  supported  by  the  arms  of  the  frame,  the  lamp  is  at- 
tached to  this  drum  and  moves  with  it.  Two  handles  behind  the 
drum  allow  it  to  be  moved  around  a  horizontal  axis.  To  one  trunnion 
is  attached  a  handle  which  clamps  the  drum  in  any  desired  position ; 
the  opposite  trunnion  is  hollow,  and  in  it  is  inserted  a  piece  of  ground 
glass  on  which  the  light  from  the  arc  falls  through  a  small  hole  in  the 
reflector,  this  enables  the  operator  to  see  that  the  arc  is  accurately  in 
focus ;  a  horizontal  wheel  below  the  lamp  raises  or  lowers  the  whole 
lamp  so  that  if  the  arc  should  get  out  of  foous  it  can  readily  be  brought 
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back,  there  is  also  a  vertical  wheel  for  imparting  a  horizontal  motion 
to  *ie  kmp,  either  for  bringing  the  arc  into  focua  ao  as  to  concentrate 
the  beam  or  for  throwing  it  out  of  focus  ao  as  to  disperse  the  light  and 
QBuae  it  to  illuminate  a  larger  space. 

The  frame  is  of  cast  iron  and  is  intfioded  to  be  firmly  bolted  to  the 
deck  of  the  vessel,  the  upper  part  revolves  around  a  vertical  axis  and 
can  be  clamped  in  any  position,  this  motion  with  that  of  the  drum 
before  mentioned  allows  the  light  to  be  thrown  in  any  direction.  One 
man  can  manipulate  the  lamp  and  can  readily  make  all  the  adjust- 
ments, which  are  within  easy  reach.  The  power  of  the  arc  lamp  ex- 
hibited is  about  7,222  candles;  this,  when  concentrated  in  a  beam  by 
the  reflector,  would  be  greatly  increased.  D.  P.  H. 


THOMSON  FOCUSING  LAMP. 
Exhibited  by  the  Thompson-Houston  Electhic  Co. 

This  lamp  is  the  ordinary  Thomson  lamp,  eo  modified  that  both 
the  upper  and  lower  carbons  feed  in  about  the  proportion  of  two  to  one. 
The  modification  consists  in  attaching  a  rack  to  the  rod  carrying  the 
upper  carbon  ;  this  rack  engages  a  toothed  wheel,  on  the  same  axis  of 
this  wheel  and  revolving  with  it  is  another  toothed  wheel  of  half  the 
diameter  of  the  first ;  this  smaller  wheel  engages  in  a  rack  attached  to 
the  rod  carrying  the  lower  carbon — hence  the  upper  carbon  will  feed 
twice  as  &8t  as  the  lower.     (Figs.  1-3.) 

Attention  is  drawn  to  the  following  peculiarity  in  this  lamp:  The 
rack  is  not  fixedly  attached  to  the  carrier  of  the  upper  carbon,  but  is 
freely  movable  between  stops  s.  s,  (seen  in  Fig.  3)  so  that  the 
carrier  R  has  a  slight  independent  vertical  play  between  the  stops  and 
is  lifted  by  the  action  of  the  clutch,  when  the  arc  is  to  be  formed  with- 
out imparting  motion  to  the  rack  M  and  the  lower  carrier  and  carbon. 
The  rack  M  is  of  soGBcient  weight  to  balance  the  rack-rod  and  carrier 
S?  (Fig.  1)  and  its  aoeompanying  parts,  so  that  no  t^ndenty  to  move- 
ment exists  unless  the  carrier  M  and  its  parts  add  their  weight  to  that 
of  the  rack  M  when  the  clutch  Y  is  released. 

The  mechanism  acts  as  follows :  In  Fig.  2,  the  carbons  are  shown 
in  the  reflector  Y  ready  for  use,  when  the  clutch  is  lifted  by  the  magnet 
system  the  slight  play  of  the  carrier  R  outside  of  the  rack  J^  allows 
the  formation  of  the  arc  without  any  movement  of  the  gearing — when 
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the  clutch  lowers  to  feed  the  carboDs  tlie  weight  of  B,  F  and  E,  etc., 
18  added  to  that  of  M  and  causes  both  carbons  to  feed  at  their  proper 
rates  by  the  rotation  of  the  gear  wheels.  Should,  however,  the  carb<nis 
over-feed  froin  any  cause  and  the  carbons  run  too  near  together,  there 
is  at  once  a  renewed  liil  by  the  clutch  as  at  first  without  disturbing 
the  gearing.  Fig.  4,  exhibits  a  perspective  view  of  the  Thomson 
Focusing  Lamp.  D.  F.  H. 


Fio.  1.— Tbomsoti  FocuBlug  Lamp.   (Details.) 

The  advantage  of  (his  device  is  that  the  magnets  having  but  little 
weight  to  lift,  can  act  promptly  and  preserve  the  electrical  balance 
necessary  to  a  steady  light.  The  position  of  the  arc  during  burning 
and  the  relatioa  of  the  parts  render  possible  a  very  compact  lamp. 
It  can  readily  be  fitted  to  a  projector  the  same  as  described  under 
other  systems.     The  details  of  the  ordinary  Thompson  lamp  are  not 


given  here  as  they  properly  belong  to  another  section.     Drawings  and 
photographs  are,  however,  included  for  convenient  reference. 
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FiQ.  4.— Thomtoii  FocuKlDg  Lamp. 
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THE  MANGIN  PROJECTOR. 

(U.  S.  Navy  Depabtment  Exhibit.) 

[Note  ; — The  deacription  of  this  projector  Is  oomplled  from  the  reports  of 
Lieutenant  T.  C.  McLean,  U.  S.  Navy,  and  of  Major  D.  P.  Heap,  Ctorpa  of 
EngineerB,  U.  8.  A.,  on  the  International  Exhibition  of  Eiectrlcify  held  in 
Paris  in  18S1.    The  platee  are  also  taken  trom  the  same  reports.] 

Before  the  invention  of  this  projector,  tJie  lenticalar  and  the  parabolic 
were  used,  the  former  is  not  only  costly  but  also  to  some  dt^ree  absQrba 
the  light:  tlie  latter  form  is  difficult  to  obtain  with  precision.  It  was 
these  considerations  wliich  led  Colonel  Man^n  to  seek  a  new  form, 
which  he  has  happily  found  in  a  spherical  glaaa  mirror  of  special  con- 
struction. In  the  ordinary  spherical  form,  tlie  splierical  aberration 
interferes  with  its  use  when  tlie  light  is  projected  to  a  distance,  Colonel 
Mangin  has  ingeniously  corrected  this  defect ;  he  uses  a  glass  mirror, 
the  reflecting  surfiice  of  whicli  is  on  tlie  convex  side,  thus  the  ray 
traverses  twice  the  thickness  of  the  mirror  before  taking  ita  final  direc- 
tion. Now,  these  two  surfaces  are  not  parallel,  the  interior  sur&ce 
being  a  sphere  having  a  diSerent  radius  than  the  other,  or  in  other 
words  the  mirror  is  a  concavo-convex  lens  with  the  centre  thinner  than 
the  edge. 

The  different  thicknesses  which  the  various  rays  have  to  traverse, 
according  to  the  angle  whicli  they  make  with  the  axis,  so  modify  them 
as  to  bring  them  rigorously  parallel  if  the  radii  of  the  two  surfaces  of 
the  mirror  are  in  proper  proportion.  The  Voltaic  arc  is  2>eculiarly 
well  adapted  for  use  with  such  apparatus  as  it  approaches  most  nearly 
the  character  of  a  luminous  point.  The  lamp  used  is  exceedingly 
simple  and  needs  but  little  description  in  addition  to  the  plates.  It 
will  be  noticed  that  the  carbons  are  inclined.  '  This  is  because  where  a 
continuous  current  is  used,  the  maximum  intensity  of  the  light  is  not 
in  a  plane  perpendicular  to  the  line  of  the  carbons,  but  in  one  about  30° 
below.  A  small  mirror,  or  sometimes  a  carbon  plate  is  placed  in  front 
of  the  carbons  to  throw,  the  light  on  the  reflector.  The  cylindrical 
body  of  the  projector  is  mounted  on  trnnnions,  and  the  trunnion  sup- 
ports arc  fixed  on  a  cap  which  is  so  pivoted  on  the  base  of  the  apparatus 
that  the  beam  of  light  may  be  thrown  in  any  direction  desired.  Clamps 
are  provided  at  the  right  trunnion  and  at  the  base  pivot  for  retaining 
the  projector  in  any  pr>9ition  for  steady  direction.     The  holes  in  the 
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cylindrical  body  are  for  ventilation.     The  glass  door  is  made  in  strips 
so  that  a  crack  at  any  one  point  will  not  extend  through  the  whole. 

The  various  details  of  the  lamp  and  projector  are  clearly  shown  in 
the  accompany  in  a;  drawiags. 

Plate  I,  figs.  1  and  2  represents  respectively  front  and  longitudinal 
Bectional  views  of 

The  Mattffin  Projedor. 
[Dimenelons  given  In  mlllimetefB.] 

A.  Brum  containing  lamp  and  spherical  reflector. 

B.  Spherical  reflector, 

C.  Front  of  projector  enclosed  with  vertical  stripe  of  glass. 

D.  Supporting  arms  carrying  drum. 

E.  Base  of  apparatus  showing  electrical  connectious. 

Plate  II,  figs.  3  to  10  gives  the  details  of  band  lamp. 
[DimeDBlons  given  In  tnlllimetres.] 

Fig.  3.  Shows  electrical  connection  of  wires  from  lamp  to  wires  in 
base. 

Fig.  4.  Side  view  of  hand  lamp. 

Fig.  5.  Front  view  of  hand  lamp. 

Fig,  6.  Details  of  device  for  raising  or  lowering   both  carbons 
simultaneously. 

Fig.  7,  Device  for  giving  the  upper  carbon  a  backward  and  forward 
motion  by  means  of  the  eccentric  pin  n. 

Fig.  10.  Details  of  device  for  ^ving  lateral  motion  to  upper  carbon. 


THE  McEVOY  TORPEDO  DETECTOR. 

This  is  a  modification  of  the  induction  balance.  It  consists  of  a 
sinker,  which  is  a  heavy  case  containing  two  coils  of  fine  wire  in 
separate  circuits,  a  cable  containing  four  insulated  wires  which  are  con- 
nected to  both  ends  of  the  ooib,  and  a  box  which  holds  two  coils,  each 
one  of  which  is  in  series  with  one  of  the  coils  in  the  sinker,  and  con- 
nected to  them  by  the  four  wires  in  the  cable.  The  box  is  designed  to 
be  carried  in  a  boat,  from  which  the  cable  hangs.  One  of  the  coils  in 
the  box,  and  its  corresponding  coil  in  the  sinker  are  in  circuit  with  a 
small  battery  and  an  automatic  circuit-breaker,  which  is  also  in  the 
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box.  The  whole  forms  a  primary  circnit  of  which  die  secoodaiy  oon- 
sista  of  the  two  other  coils  and  a  telephone  receiver  in  circuit  with  them. 
When  DOW  the  current  in  the  primary  is  closed,  the  intermittent 
currents  in  the  primary  coils  induce  currents  in  the  secondary  ooils, 
but  the  secondary  coils  being  wound  in  opposite  drectione,  they  can  be 
so  adjusted  that  the  induced  currents  neatralize  each  other,  so  that  no 
sound  is  heard  in  the  receiver.  If,  now,  the  boat  is  pulled  slowly 
through  the  water  and  the  sinker  is  thus  dragged  along  the  bottom,  no 
noise  will  be  heard  in  the  receiver  unless  the  sinker  come  into  prox- 
imity with  some  mass  of  magnetic  metal,  such  as  a  torpedo  caue.  In 
thia  event,  however,  the  number  of  lines  of  force  enclosed  by  the  ooils 
in  the  sinker  will  be  greater  than  the  number  enclosed  by  the  coils  in 
boat,  the  induced  currents  from  the  former  coils,  will  overpower  those 
induced  in  the  latter,  and  a  humming  noise  yill  be  heard  in  the  re- 

The  apparatus  shown  at  the  exhibition  did  not  seem  to  be  sufficiently 
sensitive ;  but  there  seems  no  reason  for  believing  that  an  apparatus 
on  this  principle  could  not  be  made  very  sensitive  by  using  much 
lai^r  coils  and  a  very  strong  battery. 

[Here  follows  a  description  of  McEvoy's  Electro-Automatic  Ulne,  taken 
ftotn  tbe  report  of  Iileutenant  T.  C.  McLean,  U.  8.  N.,  on  the  Paris  Elec- 
trical Exhibition  of  1881.  Tbla  tbe  committee  does  not  deem  It  neceeeary 
to  republiBh.— Ed.  Com.] 

B.  A.  F. 
Bradley  A.  Fiskb,  Lt.  U.  S.  N., 
William  H.  GaEEifE, 
Horace  W.  Sellebb. 

D.  P.  HEAP,  Major  of  Engineers,  U.  S.  A. 

Chairman  Section  XXVII. 
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/BterBoHoMl  Sieetrieal  ^hibUton.  Beportt  of  Examaurt,  Smtiat  XXVII. 


The  Mangin  Projector,  (plate  n.) 

[DETAILS  OF  HAND  LAMP.] 
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" Educational ApparcUus"  with  which  is  Incorpor- 
aied  Section  XIII,  "  Apparatus  for  High 
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FBA>KUN  INSTITUTE,  OF  THE  STATE  OF  PERSSTLTANIi. 

Promotion  of  the  Meohanio  Arts. 
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"  Educational  Apparatus,"  with  which  is 
Incorporated  Section  XIII,  "Appa- 
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Force." 
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1884-INTERNATIONAL  ELECTRICAL  EXHIBmON-1884 
Feankun  Institute,  Philadelphia,  Pa. 

REPORT  OF  EXAMINERS. 


Section  XXIX. — Educational  Apparatus. 
Section  XIII. — Awakatus  for  High  Electro-Motive  Force. 


To  tht  Beard  of  Managers  of  the  Franklin  Institute  : 

Gentlemen  : — I  have  the  honor  to  transmit  herewith  the  report 
of  Kxatniners  of  Sections  XXIX  and  XIII,  on  "  Educational  Appa- 
ratus," and  "  Apparatus  for  High  Electro-Motive  Force." 
Respectfully, 

M.  B.  Snyder, 
Chairman  Board  of  Examiners. 
Philadelphia,  Februaiy,  1886. 


Chairman  Board  of  Examtners,  International  Electrical  Exkibitian : 
Sir  : — I  herewith  hand  you  the  report  of  Section  XXIX,  on 
"  Educational  Apparatus." 

Respectfully, 

A.  E.  DOLBEAR, 

Chairman  Section  XXIX. 


Chairman  Board  of  Examiners,  International  Electrical  Exhibition : 
Sir: — I  herewith   hand  you  the  report  of  Section  XIII,  on 
*  Apparatus  for  High  Electro-Motive  Force." 
Respectfully, 

J.  B.  DeMdtte. 
Chairman  Section  XIII 
Greehcastle,  Ind.,  December,  1885. 
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REPORT  ON  EDUCATIONAL  APPARATUS. 

EXHIBIT  OF  JAMES  W.  gUEEN    &   CO. 

The  general  exhibit  of  this  company  was  of  much  greater  variety 
than  that  of  any  other  exhibitor,  and  embraced  useful  devices  for 
illustration  and  demonstration  in  nearly  the  whole  field  of  physics. 

The  attention  of  the  committee  was  directed  chiefly  to  the 
specific  electrical  apparatus  useful  for  educational  purposes,  as  dis- 
tinguished from  instruments  of  precision  ;  which  latter  department 
was  in  the  hands  of  another  committee.  A  very  large  part  of  ex- 
perimental philosophy  is  quite  independent  of  the  question  "  How 
much  ?"  and  in  the  dominion  of  electricity  it  is  particularly  the  case 
that  the  phenomena  may  be  developed,  and  the  relations  studied 
without  any  attempt  towards  quantitative  results. 

Messrs.  Queen  &  Co.  were  instrumental  in  securing  a  large 
number  of  foreign  exhibitors,  whose  apparatus  was  shown  in  the 
space  allotted  to  them. 

A  part  of  many  of  these  separate  exhibits  consisted  of  apparatus 
properly  called  instruments  of  precision,  and  referably  going  to  that 
examining  section.  Because  in  many  institutions  of  learning  to-day, 
measuremental  work  of  the  highest  grade  is  done,  and  it  is  ditH- 
cult  to  draw  a  line  between  instruments  adapted  to  such  work  and 
what  is  ordinarily  understood  by  the  term  Educational  Apparatus ; 
and  on  the  other  hand,  the  skilful  teacher  is  able  to  do  some  very- 
fair  quantitative  work  with  instruments  designed  only  for 
indications. 

It  has  been  thought  best  to  incorporate  into  this  report  the 
special  reports  on  hand  dynamos,  by  Prof.  W.  A.  Anthony,  of  Cor- 
nell University,  and  by  Lieut.  Murdock,  U.  S.  A. 

Queen  &  Co.'s  Exhibition  Catalogue  contaiiled  upward  of  1, 600 
numbers.  The  committee  could  not  inspect  them  all  but  every- 
thing they  specifically  looked  for,  they  found.  The  following  they 
deemed  worthy  of  special  mention. 

EDUCATIONAL   APPARATUS    BY   BREGUET. 

GramtKi  Machines. — The  structure  and  principles  of  the  Gramme 
machine  are  so  well  known  that  a  description  of  them  is  not 
thought  to  be  necessary  here.    They  are  compact,  exceedingly 
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simple  in  structure,  easily  managed,  and  very  efficient.  A  number 
of  these  of  different  sizes,  and  adapted  to  be  run  by  hand  or  by  the 
steam  engine,  were  exhibited.     The  smaller  ones  to  be  run  by  hand 


No.  16.  Gramme  Magneto-Electric  Machine, 
are  provided  with  powerful  permanent  magnets  to  furnish  the  mag- 
netic field,  and  such  ones  may  be  used  as  substitutes  for  a  small 
galvanic  battery,  and  a  large  number  of  experiments  may  be  per- 
formed with  the  current  from  such  a  machine.  The  machine  may 
have  armatures  wound  with  coarse  or  hne  wire,  or  what  is  better, 
have  both.  One  may  then  have  a  high  electro-motive  force,  or  a 
low  electro-motive  force,  adapted  to  his  needs.  With  the  machine 
made  for  laboratory  model  and  with  thick  wire  armature,  one  may 


produce  about  ten  volts  and  two  and  one-half  amperes  current  with 
a  speed  of  2,640  revolutions  per  minute. 

With  the  fine  wire  armature,  one  may  have  about  forty  volts  at 
the  brushes,  and  a  current  of  five  amperes  As  the  electro-motive 
force  is  proportioned  to  the  speed,  each  machine  has  a  numerical 
constant  which,  multiplied  by  the  number  of  revolutions  per  minute, 
■will  give  the  electro-motive  force. 


Gramme  Machine.      Type  A. 

The  large  machine,  marked  Type  A,  requires  an  engine  of  two 
or  three  horse-power,  to  run  with  any  speed  on  a  circuit.  It  is 
particularly  well  adapted  to  the  needs  of  workshops,  and  of  institu- 
tions of  learning,  for  demonstrative  requirements  seldom  exceed  its 
capabilities.  With  a  speed  of  1,000  revolutions  per  minute,  the 
electro-motive  force  is  seventy-five  or  eighty  volts,  and  the  current 
strength  about  twenty-five  amperes,  while  with  a  speed  of  1,200  or 
1,400  one  may  run  three  arc  tights  or  twenty  or  thirty  incandescent 
lamps.     With  lower  speeds  and  less  current  all  the  demonstrative 
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work  necessary  for  instruction  may  be  done  in  a  very  much  more 
satisfactory  way  than  is  possible  with  any  kind  of  a  galvanic  battery. 

The  exhibit  of  the  Maison  Breguet  included  many  other  scien- 
tific instruments  of  value  for  educational  purposes. 

Ihere  was  shown  the  well-known  Serrin  electric  regulator  and 
the  Plante  secondary  batteries.     Of  these  last,  there  was  a  set  of 


twenty  elements  exhibited,  and  also  several  diHerent  sizes  of  single 
elements.  These  are  useful  batteries  for  class  demonstration,  and 
for  general  lecture  experiments. 


The  rheostatic  machine  and  battery  of  secondary  couples,  with 
zinc  wire  of  M.  Gaston  Rante. 

This  machine  is  composed  of  fifty  condensers  in  mica, 
joined  to  a  Flante  commutator  by  metallic  spring  blades,  or 
springs,  in  such  a  manner  as  to  be  successively  charged  in  quan- 
tity and  discharged  in  tension.  The  two  poles  of  the  electric 
source  which  should  charge  the  apparatus  are  joined  permanently 


Plantij's  Secondary  Battery, 
to  the  binding  screws /'/'.whilst  tlie  sparks  burst  out  between 
the  points  represented  in  cut.  This  spark-,  or  flash,  is  in  pro- 
portion to  the  electro- motive  force  of  the  charge.  Its  length  has 
a  maximum  for  each  apparatus,  which  maximum  is  determined  by 
the  construction. 

The  complete  battery  is  formed  of  320  of  these  small  elements, 
divided  in  four  batteries  of  eighty  couples  each.     These  eighty 


couples  can  be  associated  instantly  by  means  of  the  commutator 
Plante,  in  quantity  or  in  tension.  These  four  batteries,  laid  out 
on  shelves,  one  above  the  other,  to  put  each  couple  in  action 
arc  associated  in  quantity  for  the  charge,  and  in  tension  for  the 
discharge. 


Rheostatic  Machine  (Breguet), 

Apparatus  by  Gerard. — Dynamos  of  various  sizes,  to  be  run  by 

hand  or  steam-power.      These  machines  are  very  compact,  and 

those  to  be  worked  by  hand  are.  good  substitutes  for  batteries  for 

the  many  experiments  needing  a  tolerably  steady  current,  but  not 


Rheostatic  Machine  (Breguet). 
great  current  strength.     A  small  one  tested  gave,  when  run  with 
one  hand  and  small  pulleys,  an  electro-motive  force  of  fifteen  volts 
and  a  current  of  five  amperes,  and  developed  magnetism  in  an 
«leGtro>magnet  to  such  an  extent  that  one  could  not  pull  away  the 


annature  while  a  current  was  passing.  These  small  hand  dynamos 
of  Gerard  are  intended  for  school  work,  and  small  incandescent 
lamps,  electro-magnets,  electric  bells,  fuzes  for  explosion,  etc.,  form 
a  part  of  the  collection,  all  adapted  to  be  run  by  the  current 
generated  by  hand,  and  they  work  successfully. 


I  8mall  Gerard  Machine. 


la  order  to  exhibit,  with  satisfaction,  electrical  phenomena,  it 
is  more  than  convenient,  it  is  necessary,  that  the  different  pieces 
to  be  used  should  be  adapted  to  each  other,  which  is  not  alwayS' 
the  case  when  pieces  are  obtained  without  regard  to  adaptation,  as- 
is  often  the  case  with  school  apparatus.  Gerard,  therefore,  has  a< 
series  of  accessories  for  his  machines,  some  of  which  are  shown  in. 
the  accompanying  cut,  which  mostly  tell  their  own  story,  and 
show  to  what  a  variety  of  experiments  the  machine  may  be  put. 

(See  reports  following  on  hand  dynamos,  by  Professor  Anthonjr 
and  Lieutenant  Murdock.) 

It  is  not  an  uncommon  thing  for  comparisons  to  be  made- 
between  hand  dynamos  and  galvanic  batteries,  in  which  the  state- 
ment is  that  a  certain  machine  is  equal  to  two  or  five  or  ten  Grove 
cells.  Such  a  statement  is  very  indefinite  indeed,  and  not  a  few 
have  bought  such  machines  expecting  to  get  much  more  from 
them  than  is  mechanically  possible.  The  following  exposition  of 
the  relations  between  such  machines  and  the  work  spent  on  them 
may  help  one  to  a  more  correct  idea. 

Suppose  a  man  to  exert  a  constant  power  equal  to  one-tenth  of 
a  horse-power  in  running  a  dynamo  in  a  circuit  in  which  the  tota( 
resistance  is  R  ohms.    To  find  the  electro-motive  force  produced  : 
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Now,  one-tenth  of  a  horse-power  is  more  than  most  persons- 
can  exert  except  for  a  brief  time,  but  the  current  strength  for  sixty- 
one  volts  and  resistance  fifty  ohms  will  be  but  1-22  amperes. 
How  much  of  this  energy  will  be  available  will  depend  upon  the 
ratio  of  the  external  to  the  internal  resistance  of  the  machine. 
Hence  the  necessity  for  having  the  apparatus  to  be  used  with  such 
a  hand  dynamo,  adapted  to  it. 
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EXHIBIT  OF  C.  &  E.  FEIN,  OF  STUTTGART. 

Dynamos  for  hand  working.  These  were  cooveoiCDtly  and 
neatly  mounted  upon  tables,  and  provided  with  numerous  attach- 
ments suitable  for  use  in  the  lecture  room.  The  exhibited  set  ol 
accessories  was  more  complete  than  any  other  exhibit  of  similar 
kind,  and  embntced  nearly  everything  which  a  teacher  would  want 
in  teaching  this  subject.  The  pieces  were  generally  of  a  larger 
size  than  those  by  other  makers. 


Fein  Art    U.iMp.  Fein    Electromotor. 

The  following  pieces  were  specially  noticed: 

Voltameter,  electro-magnet,  galvanoptastic  apparatus,  electro- 
motor induction  coil,  incandescent  lamps,  arc  lamps,  Geissler  tubes, 
voltameter  and  amperemeter.  These  appeared  to  be  alt  well  made 
and  adapted  to  their  specific  uses. 

(See  report  on  hand  dynamo  of  Fein,  by  Lieut.  Murdock.) 
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EXHIBIT  OF  A.   DE  HERITENS,  OF  PARIS. 

His  dynamos  are  made  in  large  models  for  supplying  currents 
for  electric  lights,  or  for  any  other  purpose,  and  require  some 
motive-power  as  steam  or  water ;  and  small  models  which  may  be 


Ue  Meriiens'  Machine,     Model  C. 
run  by   hand-power,  and  suitable  for  most  lecture-table  experi- 
ments.    The  cut  represents  such  a  machine  mounted  to  be  driven 
by  either  one  or  two  persons,  and  is  capable  of  producing  an  arc 
light.     The  machine  is  so  arranged  that  armatures  with  different 


resistances  may  be  readily  substituted,  and  thus  adapted  to  dif- 
ferent kinds  of  electrical  work.  The  dynamos  are  particularly- 
compact  and  efficient.  Several  are  already  in  use  in  colleges  ia 
the  United  States. 

There  was  also  exhibited  a  lai^e  magneto-electric  machine,  by 
De  Meritens,  driven  by  an  engine.  It  was  an  alternate  current 
machine,  and  was  used  to  light  Queen  &  Co.'s  exhibit,  with 
Jablochkoff  candles,  and  was  an  interesting  machine  for  both 


De  Meritens'  Alternating- Current  Machine. 
Structure  and  function,  as  such  machines  are  not  used  to  any 
extent  in  this  country,  and  the  Jablochkoff  candles  requiring  such 
alternating  currents,  are  now-a-days  mostly  displaced  by  the  more 
modern  arc  and  incandescent  lamps.  This  machine,  marked 
Model  A,  was  capable  of  lighting  thirty  Swan  lamps. 


ogle 


Jablochkoff  Candle. 

There  were  various  interesting  accessories  to  the  exhibit  ol 
De  Meritens, — brackets,  commutators,  JablochkofT  candle  holders, 
globes,  etc.,  exhibiting  both  taste  and  mechanical  skill. 

(See  Prof.  Anthony's  report  on  De  Meritens'  hand  dynamo.) 

TEST  OF  HAND   DYNAMOS. 

At  the  request  of  Messrs.  James  W.  Queen  &  Co.,  I  tested  some 
of  the  hand  dynamo  machines  for  which  they  are  agents.  The 
-attempt  was  made  at  first  to  use  ordinary  instruments,  tangent  and 
potential  galvanometers,  but  it  was  found  that  the  irregularity  of 
the  current  prevented  any  accurate  observations,  and  it  was  impos- 
sible to  turn  the  cranks  with  sufficient  regularity  to  produce  a  cur< 
Tent  which  could  be  measured.  The  plan  was  then  adopted  of 
measuring  the  external  resistance,  and  determining  the  current  by 
a  Deprez  ammeter.    The  resistances  used  were  of  German-silver, 
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several  being  attached  to  the  frame  of  one  of  the  Fein  machines. 
Three  others,  each  of  about  5ix  ohms  resistance,  were  used. 

It  was  thought  that  the  best  method  of  testing  would  be  to  ob- 
tain as  far  as  possible,  the  maximum  output  of  the  machines,  and 
the  observations  were  therefore  made  under  these  conditions.  The 
crank  was  turned  as  rapidly  as  possible,  and  the  maximum  current 
was  observed.  The  results  thus  obtained,  were  of  course  higher 
than  could  be  kept  up  for  any  length  of  time,  but  in  most  of  the 
machines  the  test  was  also  made  under  the  usual  working  conditions. 

The  two  when  combined  give  the  maximum  which  can  be  ob- 
tained, and  the  ordinary  work  which  can  be  depended  on. 

The  resistances  heated  very  slightly,  owing  to  the  short  time 
that  the  current  was  passed  through  them.. 

The  ammeter  used  had  been  calibrated  at  the  test  house  and 
found  to  be  in  general  in  excess  about  three  per  cent.  This  cor- 
rection was  applied  to  all  observed  currents.  Currents  below  two 
and  one-half  amperes  were  measured  by  another  ammeter,  graduated 
to  tenths  of  an  ampere.  No  correction  was  applied  to  the  readings 
of  this  instrument. 

The  above  applies  to  all  machines  tested. 

Two  machines  were  exhibited  by  C.  &  E.  Fein,  the  No.  3  and 
No.  10. 

The  No.  3  gave  the  following  results : 
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TotjJ 61  legal  ohms. 
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The  results  may  be  taken  as  the  best  capable  or  being  obtained 
by  a  man  of  average  strength.  The  best  continuous  working  is 
about  one-half  the  above  E.  M.  F.  for  any  given  resistance. 

The  makers  make  the  following  statement  in  regard  to  the 
capacity  of  this  machine. 

It  is  capable  of  melting  a  steel  wire  250  mm.  long  and  }4  nim. 
thick.  It  will  make  a  platinum  wire  of  500  mm.  in  length,  and 
^  mm,  thick,  incandescent.      It  will  evolve   150  cubic  cm.  of 


C,  &  E.  Fein's   Hand  Dynamo.     (No.  3.) 
water  gases  per  minute.      It  wilt  deposit  280  milligrams  of  copper 
per  minute. 

The  arrangement  of  this  machine  appears  to  be  (;ood,  and 
quite  compact,  with  but  small  weight  for  its  power. 

The  second  machine,  exhibited  by  C.  &  E.  Fein,  was  a  No,  10, 
Model  I  b.  This  machine  was  the  most  powerful onetried, and  was 
operated  by  two  men  on  separate  cranks.  It  has  attached  to  its 
frame  a  set  of  German-silver  rei^istances,  which  affords  the  means 
of  modifying  the  external  circuit  at  will.  Some  difficulty  was 
found  at  first  in  exciting  the  field,  but  when  the  machine  once 


'C.  &  E.  Fdri's  Hand  D/iuuao.    (No,  lo.) 
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worked  it  gave  very  good  results.    The  same  method  was  pursued 
in  obtaiaing  the  maximum  output.     The  results  were  as  follows : 
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As  illustrating  the  uses  of  machine  No.  10,  the  maker  states 
that  it  will  melt  a  steel  wire  i  metre  long  and  0-15  mm.  thick.  It 
will  make  incandescent  a  platinum  wire  2  metres  long  and  0-15 
mm.  thick,  and  it  evolves  1 50  cubic  centimetres  of  gas  per  minute. 
It  will  deposit  250  milligrams  of  copper  per  minute. 

This  machine  is  of  such  capacity  as  to  admit  of  demonstrating 
almost  anything  which  can  be  expected  of  a  dynamo  machine.  As 
it  is  capable  of  being  worked  by  two  men,  its  output  is  very  large, 
and  as  seen  by  the  figures  of  the  test,  it  would  bring  to  normal 
incandescence  for  a  short  time  five  ordinary  Edison  lamps,  and 
would  maintain  several  lamps  of  low  potential,  when  worked 
continuously  by  two  men. 

The  preceding  machines  are  made  wound  with  either  coarse  or 
fine  wire.  No.  3  machine  tested,  was  wound  with  coarse  wire,  and 
No.  10  with  fine  wire. 

Another  machine  tested  was  a  Magneto-Gramme  machine,from 
the  Maison  Breguct.  It  differed  materially  from  the  others  apart 
from  its  being  a  magneto  machine,  in  having  a  very  small  internal 
resistance,  which  would  adapt  it  to  a  very  different  class  of 
experiments. 
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No  attempt  was  made  to  preserve  a  constant  speed.  One  man 
turned  the  crank  as  rapidly  as  possible,  and  the  maximum  current 
was  noted. 


No.  2,  A.    G«rard  Dynamo -Electric  Machine. 
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Another  machine  tested  was  the  Gerard,  laboratory  model, 
No.  'Oj  with  pulley  and  crank.  This  showed  much  less  power  thaa  ' 
the  others,  being  tested  in  the  same  way,  with  the  following 
results- 
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Reported  by 

J.  B.  MURDOCK. 


Heport  upon  Small  Machines  [dynamos),  submitted  by  yames  W. 
Queen  &  Co.,  and  Tested  at  the  P/tysical  Laboratory  of  the  Cor- 
nell University,  in  January,  1885. 

APPARATUS    USED. 

(I.)  Power  Measurements. — It  was  at  first  proposed  to  place 
the  machines  on  a  small  Brackett  cradle,  but,  as  the  adjustment 
consumes  considerable  time,  it  was  thought  best  to  use,  as  a 
motor,  a  Gramme  machine,  constructed  ten  years  ago  at  the 
University,  and  which  is  mounted  permanently  on  a  very  delicately 
balanced  cradle.  Having  at  hand  a  ten-light  Weston  dynamo, 
«3ed  for  lighting  the  University  campus,  it  was  easy,  using  this  as 
a  generator,  to  obtain  from  the  Gramme,  as  a  motor,  any  power 
required,  up  to  five  or  six  horse-power.  The  Weston  ten-light 
machine  was 'provided  with  an  adjustable  resistance  for  the  field 
circmit,  which  gave  the  most  complete  control  of  the  current 
generaeed,  and,  therefore,  of  the  speed  of,  and  energy  transmitted 


by,  the  Gramme.  Under  these  conditions,  the  Gramme  was  a 
■  very  easily  managed  and  exceedingly  delicate  transmitting  _  dyna- 
mometer. The  speed  of  the  Gramme  was  indicated  continuously 
by  a  Buss  "  Tachymeter,"  but  was  also  frequently  taken  by  a 
speed  counter,  as  well  as  the  speed  of  the  machine  under  test. 

(2.)  Current  Measurements. — The  currents  were  measured  by  a 
tangent  galvanometer,  whose  conductor  was  a  turned  brass  ring, 
fifty  centimetres  diameter,  and  a  Thomson  graded  galvanometer. 
As  H  was  not  accurately  known  for  the  position  of  the  tangent 
galvanometer,  the  constants  of  the  instruments  were  determined 
by  the  copper  voltameter.  In  the  experiment  for  this  purpose, 
two  voltameters  were  placed  in  series,  and  the  current  continued 
for  100  minutes.  Readings  of  the  galvanometers  were  taken  every 
four  minutes.  The  evtreme  deflections  were  40°  24'  and  41"  for 
the  tangent,  and  316  and  32-7  for  the  Thomson.  The  deposit  of 
copper  was,  in  one  ceil,  10-477  grammes;  '1  the  other,  iO-47(> 
grammes ;  giving  for  the  tangent  galvanometer,  615;  for  the 
Thomson  galvanometer  constant,  -1644. 

(3.)  Resistance  Measurements. — Resistances  were  measured  by 
means  of  a  dial  pattern  resistance  box,  by  Elliott  Brothers, 
adjusted  to  B.  A.  ohms.  Resistances  have  not  been  reduced  to 
legal  ohms.  The  machines  were  run  on  a  dead  resistance  of 
German-silver  wire  wound  on  a  reel,  and  so  connected  that  it 
formed  one  branch  of  a  Wheatstone's  balance,  the  other  branches 
of  which  could  not  be  appreciably  heated  by  the  current.  By  this 
arrangement,  the  resistance  could  be  measured  at  any  time  while 
the  current  was  flowing. 

(4.)  Potential  Measurements. — ^The  potentials  between  the 
terminals  of  the  machines  were  measured  by  means  of  a  Thomson 
potential  galvanometer  checked  by  an  Ayrton  and  Perry  volta- 
meter. The  constants  ol  both  these  instruments  were  determined 
at  the  same  time  as  the  constants  of  the  current  galvanometers, 
by  noting  the  deflection  when  they  were  connected  to  each  side 
of  the  German-silver  wire,  whose  resistance  was  determined  while 
the  current  was  passing  by  the  means  described  above.  In  these 
measurements  the  power  may  be  considered  accurate  to  about 
j-J^;  current  to  about  yj^;  resistance  to  about  ^^';  potentials  to 
about  y^. 

The  readings  of  the  various  instruments  during  any  test  were 
generally  very  constant.     If  any  considerable  variations  occurred. 


the  test  was  repeated.  Computations  have  been  made  inde- 
pendently by  two  persons,  and  it  is  believed  that  the  results  given 
are  free  from  errors.  In  the  tests  of  the  machines,  they  were  run 
at  what  was  supposed  to  be  the  normal  speed  for  some  time,  until 
instruments  gave  uniform  readings,  then  readings  were  taken  each 
minute  for  ten  minutes.  The  resistance  in  the  external  circuitwas 
then  changed  and  another  set  of  readings  taken.  Below  are  given 
the  general  results  of  the  observations : 


Small  De  Mer'Uens'  Machme. — Shunt    wound,  armature  of  the 
Gramme  type. 

Weight  of  machine 68  pounds. 

Resistance  of  armature 1-36  ohms, 
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It  will  be  noted  that  this  machine  gave  the  greatest  current 
with  the  greatest  external  resistance.  The  strength  of  field  there- 
fore diminished  as  the  external  resistance  diminished.  Possibly^ 
better  results  as  to  efficiency  might  have  been  obtained  with  a 
still  greater  resistance. 

The  machine  worked  a  Foucault  lamp  very  well,  but  in  order 
to  start  the  lamp  it  was  necessary  to  carefully  separate  the  carbons 
by  hand,  as,  with  the  small  external  resistance  existing  when  the 
carbons  were  in  contact,  the  machine  would  not  excite  itself. 

NO.    230.      CATALOGUE    OF   QUEEN   &   CO. 

Small  Gerard  Mackim,  No.  O^. — Shunt  wound,  armature  of 
four  pole  pieces  projecting  radially  from  the  axis.  On  each  pole 
piece  was  a  coil  of  wire.  The  commutator  flashed  badly  at  high 
speeds.  Twenty-five  hundred  revolutions  per  minute  was  the 
highest  speed  it  could  safely  run. 


Gerard   Dynamo  Machine.    (No.  o*.) 

Weight  of  machine 47  pounds. 

Resistance  of  .nrmature "199  ohms. 
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so.  234.      CATALOGUE  OF  QUEEN  &  CO. 

Large  Gerard  Machine  No,  j. — Construction  similar  to  small 
machine. 

Weight ; 327       pounds. 

Resistance  of  Armature '24  ohms. 

"  Field 11-96     " 
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(Jernrd   Dynamo   Machine.    (No.   3.) 
To  determine  liow  miicti  of  the  loss  in  this  machine  was  due  to 
friction  and  how  much  lo  induced  currents  in  the  mass  of  the  mag- 
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nets  aad  armature,  the  brushes  were  thrown  back  and  the  machine 
driven  at  the  same  speed  as  in  the  above  experiments.  When  the 
field  was  unmagnetized  the  power  required  was  147  watts  =  -2 
horse- power. 

When  field  was  magnetized  by  another  machine  having  a  po- 
tential of  fifty-four  volts,  about  three-fourths  the  potential  of  the 
Gerard  machine,  when  magnetizing  its  own  field,  the  power  con- 
sumed was  830  watts  or  11 1  horse-power. 

In  the  circular  describing  the  above  machine,  the  normal  speed 
was  given  as  1,600.  In  my  experiments,  at  any  speed  above 
1,400,  the  flashing  at  the  commutators  was  so  great  as  to  endanger 
the  machine.  Below  1 400  there  was  no  flashing  and  the  machine 
ran  quite  smoothly.  William  A.  Anthony. 

Profr.  of  Physics,  Cornell  University. 


Report  upon  Small  Motors  Tested  at  the  Physical  Laboratory  of  the 
Cornell  University,  in  January,  1885. 

These  motors  were  submitted  by  James  W.  Queen  &  Co.  from 
their  exhibit  at  the  Electrical  Exhibition.  They  were  a  Griscom 
motor,  a  small  motor  of  English  manufacture,  name  not  given,  and 
an  Ayrton  &  Perry  motor.  The  power  measurements  of  the  first 
two  were  made  by  mounting  the  motor  on  a  small  Bracket!  cradle 
and  causing  it  to  drive  a  small  machine  which  offered  a  resistance 
that  could  be  varied  at  pleasure. 

Current  was  measured  by  the  Thomson  current  galvanometer, 
its  needle  in  the  most  sensitive  position,  and  potential  by  Siemens 
torsion  galvanometer.  The  constants  of  these  instruments  were 
determined  as  described  in  the  report  on  dynamos. 

Griscom  Motor. — 

Weight about  1%  pounds. 

Resistance  of  field, '616 
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In  this  table  and  those  that  follow — 

C     =  current  through  motor  in  amperes. 

E     =  difference  of  potential  between  terminals. 

C  E  ^  electrical  energy  supplied  to  motor  in  watts. 

W    =  work  delivered  by  motor  in  watts. 

The  other  columns  explain  themselves.  In  the  first  experiment 
recorded  above,  the  potential  784  voUs,  was  supposed  to  be  less 
than  the  normal  potential  for  the  motor.  In  the  subsequent  ex- 
periments a  higher  potential  was  therefore  used. 


Gri scorn    Motor. 
The  motor  ran  during  all  the  experiments  very  smoothly  with- 
out sparking  at  the  commutator,  and  without  undue  heating. 

NO.  353, CATALOGUE  OF  QUEEN  &  CO. 
5.  P.  Thompson  Motor. — 

Weight, 

Resistance  of  field '47    ohms. 

'373      " 


- 

E. 

EC.       ! 

1 

^..w.„ 

Eff. 

pet  Minute. 

W.  Id  HP. 

5-33 

9664 

S'M 

•3S5 

a6-3 

^.333 

■018a 

474 

I029 

4877 

'J19 

'TO 

3,360 

•0177 

411 

11-49 

47" 

1972 

41-8 

4.3M> 

..64 

3865 

874 

3378   1 

13-50 

40- 

3.«» 

■0,8. 

28 

Some  trouble  was  experienced  in  keeping  the  brushes  of  this 
motor  in  the  best  order.  It  was  only  by  frequent  readjustment 
that  so  good  work,  as  is  shown  by  the  above  table,  was  obtained. 

A  commutator  and  brushes,  well  constructed,  would  make  of 
this  a  very  useful  motor. 

NO.  322,  CATALOGUE  OF  QUEEN  4  CO. 

The  Ayrton  &  Perry  Motor,  submitted  by  Queen  &  Co.,  was 
tried,  but  before  any  considerable  power  could  be  obtained  from  it, 
the  commutator  caught  fire  and  made  it  necessary  to  stop  the 
machine.  It  was  taken  apart,  put  in  the  best  order  possible,  with- 
out reconstructing  it,  and  tried  again.  Again  the  commutator 
took  fire,  before  anything  like  the  capacity  claimed  for  the  motor 
had  been  reached.  Two  similar  motors,  belonging  to  the  Uni- 
versity, had  been  tried  some  months  before  with  similar  results. 
The  commutator  of  one  of  these,  said  by  the  makers  to  be  good 
for  a  potential  of  100  volts,  had  been  partly  reconstructed  in  the 
University  workshop.  The  spaces  between  the  commutator  strips 
had  been  filled  with  insulating  material  and  the  brushes  remodelled. 
The  armature  also  had  been  carefully  balanced. 

In  this  condition  it  was  a  far  better  machine  than  as  it  came 
from  the  makers.  It  was  tested  in  place  of  the  machine  submitted 
by  Queen  &  Co.,  and  the  results  are  given  in  the  table  below,  as 
showing  the  best  that  can  be  expected  from  this  motor,  without  a 
radical  change  in  its  construction.  A  higher  electro-motive  force 
and  higher  speeds  were  tried,  but  with  these  there  was  a  con- 
tinuous flame  at  the  commutator. 

Weight  of  motor 38  pounds. 

Resistance  of  field 0*57  ohms. 

"  "  armature i'92    " 


I 


8-34  597S        498'3*    I        "4'-9       I      28-5     |        1,500 


It  should  have  been  stated  that  the  power  delivered  by  this 
motor  was  measured,  by  making  it  drive  a  dynamo  mounted  on  a 
Brackett  cradle.  The  current  of  this  dynamo  could  be  perfectly 
controlled  and,  therefore,  the  power  which  it  absorbed  could  be 
regulated  at  pleasure,  Wm.  A.  Antiiosv. 

Pro/r.  of  Physics,  Cornell  University. 
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EDUCATIONAL    EXHIBIT    OF   J.    CARPENTIER,    OF   PARIS. 

J.  Carpentier  is  the  successor  of  the  renowned  Ruhmkorff,  and 
the  apparatus  exhibited  was  in  every  way  creditable  for  both 
nianufacture  and  performance.  The  variety  was  great,  and  the 
following  pieces  were  especially  noted. 

A  large  inductorium,  capable  of  giving  a  spark  in  air  of  about 
twenty  inches  in  length.  The  primary  wire  of  this  coil  was  formed 
of  403  turns  of  copper  wire,  2-5  mm.  in  diameter,  and  having  a 


resistance  of  -25  ot  an  ohm.  The  secondary  wire  consisted  of 
102,500  turns  of  No,  34  copper  wire,  equal  to  about  thirty-seven 
miles,  and  had  a  resistance  of  58,000  ohms.  It  required  a  current 
of  about  twenty-tive  amperes  in  the  primary  to  give  a  spark  twenty 
inches  long.  It  could  be  worked  with  slow  or  rapid  vibrators, 
which  were  mounted  upon  the  base  or  either  side  of  the  coil. 
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Voltameters  and  amperemeters,  of  Carpentier  and  Deprez 
pattern.  These,  aside  from  being  as  accurate  as  others,  are  con- 
siderably cheaper. 

Electrometer  of  Ma<!cart. 


Amperemeter  (Carpentier.) 

Dcprez  electric  motors. 

Apparatus,  of  Melloni,  with  many  accessories,  and  the  Ctamond 
thermopiles,  which  give  with  a  gas  flame  an  E,  M,  F.  of  about 
one-fiftieth  volt  per  pair. 

APPARATUS   OF   EDELMANN. 

The  most  of  the  apparatus  exhibited  by  this  maker  was  intended 
for  accurate  electrical  measurements  and  original  research.  Some 
of  the  voltameters  and  ammeters  for  student's  use  are  cheap,  but 
good.  A  Wiedemann  galvanometer  was  used  in  the  test  house  of 
the  Exhibition. 

The  attention  of  the  committee  was  called  to  Edelmann's 
*"  Physikalisches  Arbeitsstatif"  or  universal  stand  with  heavy 
tripod.  This  is  a  very  neat  and  convenient  laboratory  instrument, 
and  is  supplied  with  a  great  number  of  clamps  and  pincers,  and 
attachments  or  fitting  up  apparatus  in  scientific  lectures.  Edel- 
mann  also  exhibited  quite  a  collection  of  reading  telescopes, 
galvanometers,  and  a  very  neat  model  of  VVheatstone's  bridge,  after 
von  Beetz. 

APPARATUS  OF  ELLIOTT  BROTHERS,  LONDON. 

The  instruments  made  by  this  house  are  too  well  known  to 
require  specification  here.  All  the  apparatus  necessary  for  elec- 
trical measurements,  'i'homson  reflecting  galvanometer.  Wheat- 
stone  bridges,  Clarke's  standard  cells,  condensers,  electrometers, 
keys,  etc.,  all  accurate  and  well  made,  were  exhibited. 


C.  J.  Simmons  also  showed  some  good  work  in  galvanometers ^ 
resistance  coils  and  a  standard  ohm. 

The  general  exhibit  of  Jas.  W.  Queen  &  Co.  was  of  great 
variety  and  excellence,  and  the  following  list  contains  only  a  few  of 
the  more  novel  instruments,  and  those  that  deserve  a  special 
mention. 

cailletet's  apparatus  for  the  liquefaction  of  gases. 

With  this  apparatus  all  the  gases  may  be  liquefied,  and  it  is  so 
contrived  that  all  the  phases  of  liquefaction  and  the  curious  physical 


Cailletet's  Apparatus  for  the  Liquefaction  of  Gases. 

changes  that  take  place  at  the  critical  point,  may  be  watched  with- 
out danger.  With  the  pump  a  pressure  of  upwards  of  300  atmos- 
pheres may  be  produced,  and  the  gauge  gives  its  indications  in 
atmospheres. 

ruhmkorff  coils. 

There  were   ten  different  sizes  of    these  instruments  shown, 
varying  in  length  of  spark  from  the  one-eighth  of  an  inch  to  six 
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Dissected   Ruhmkort)    Coil,  Berlin  Commutalor. 


Toepler'Holtz   Electrical  Machine. 
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inches.  Two  of  the  larger  of  these  were  of  special  educational 
value  on  account  of  their  structure,  as  they  could  easily  be  dis- 
sected. Such  a  form  is  more  valuable  than  the  one  commonly 
sold  for  purposes  of  demonstration.  The  cut  represents  one  of 
these,  which  is  provided  with  the  Bertin  commutator  C,  which 
■enables  the  operator  to  be  certain  of  the  direction  of  the  current. 


Queen's  4-Plate  Toepler-Holti  Electrical  Machine. 

TOEPLER-HOLTZ  ELECTRICAL   MACHINES. 

The  Ramsdcn  frictional  machine  was  quite  displaced  by  the 
invention  of  the  Holtz  machine,  as  the  latter  is  much  more  effi- 
cient, and  vastly  more  compact.  But  these  machines  required 
charging  with  a  catskin  or  rubber  disc,  and  would  not  always  work. 
The  self-charging  machine  called  the  Toepler-Holtz,  leaves  but 
little  to  be  desired  in  that  kind  of  a  machine.  There  were  exhi- 
bited, both  foreign  and  home-made  machines — all  of  them  efficient. 

One  of  these  had  a  revolving  plate  ten  and  one-half  inches  in 
diameter,  and  would  give  a  five-inch  spark,  while  the  larger  plates 
give  a  longer  and  denser  spark. 

The  cut  shows  one  of  the  American  forms  of  the  Toepler-Holtz 
machines  by  Queen,  finely  finished  in  mahogany  and  nickel  plated. 
It  has  an  attachment  for  medical  application,  and  its  current  may 
be  taken  cither  alternate  or  direct.    These  machines  are  also  made 
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with  double  plates  having  the  same  diameter,  an  arrangement 
which  increases  their  efficiency.  By  rotating  one  of  the  plates  of 
such  a  machine,  the  other  may  be  driven  as  a  motor — a  most 
interesting  experiment. 

APPARATUS    FROH    TH.    &    A.    DUBOSCQ,  PARIS,  EXHIBITED   BY    JAUES   W. 
QUEEN  &  CO. 

These  makers  exhibited  some  very  complete  optical  apparatus 
for  projection  on  the  screen,  and  for  general  class  and  lecture  use. 
Among  these  was  the  well  known  Foucault  regulator  {see  illustra-- 
tion},  also  a  hand  electric  lamp  of  a  new  design,  devised  by  MM. 
Boudreaux  and  Th.  &  A.  Duboscq,  used  at  the  Polytechnic  School 
of  the  Sorbonne.  They  also  exhibited  a  "  lanterne  photogenique," 
which  is  arranged  for  use  with  electric  light.  This  is  a  very  fine 
instrument  with  two  apertures,  so  that  two  projections  may  be 
thrown  on  two  screens  simultaneously. 

For  use  with  this  was  also  exhibited  a  new  vertical  projection 
apparatus,  perfected  by  Th.  &  A.  Duboscq,  for  the  projection  of  two 
transparent  bodies,  solid  or  liquid.  This  apparatus  is  furnished 
with  a  large  condenser  of  rectangular  form,  which  makes  it  possible 
to  obtain  a  very  large  field,  which  is  an  indispensable  condition  for 
the  inscriptions  in  the  projection  of  vibratory  movements. 

There  is  also  in  connection  with  this  a  very  interesting  appa- 
ratus devised  by  A.  Duboscq,  a  universal  support  or  electro- 
diapason,  intended  to  inscribe  and  show  in  projection,  the  vibratory 
movements.  This  support  on  which  the  diapasons  are  placed, 
furnished  with  stylus  and  blackened  glass,  allows  of  the  demonstra- 
tion in  projection  of  the  inscription  of  intervals;  of  inscriptions  of 
two  vibratory  movements,  parallel  or  perpendicular ;  beats,  and  the 
inscription  in  projection  of  the  optical  figures  of  Lissajous  and  the 
experiments  of  Melde.  For  the  projection  of  the  inscription  of  sound 
intervals,  with  this  very  interesting  apparatus,  the  two  diapasons 
are  placed,  one  on  each  support  and  each  furnished  with  a  stylus. 
The  diapasons  which  have  been  placed  opposite  to  each  others' 
parallel  axes  are  made  to  vibrate  electrically,  the  styluses  are  side 
by  side,  and  turn  in  the  same  way. 

There  are  many  other  interesting  accessories  for  use  with  this 
lantern  in  connection  with  electricity :  the  apparatus  of  M.  Bertin 
for  the  electro-magnetic  rotation  of  liquids  in  hollow  magnets,  as 


Projection  of  Lissajous's  figures  by  means  of  Vertical  Lantern, 
well  as  the  apparatus  for  the  experiments  of  Arago  on  the  magnet- 
ism of  rotation.  Also  a  movable  arch  with  support  and  a  series  of 
discs,  black  and  colored,  to  show  the  persistance  of  impressions  oa 
the  retina,  contrast,  the  admixture  of  colors,  and  the  comple- 
mentary colors,  with  Newton's  discs,  etc.,  and  the  apparatus  after 
Mayer,  for  showing  the  experiments  of  Oersted  to  demonstrate  the 
lines  of  currents  upon  the  magnetic  needle. 

These  makers  also  exhibited  a  collection  of  concave  and  convex 
lenses  upon  stands  for  use  with  the  lantern  for  projection  with 
electric  light ;  prisms,  of  solid  glass  and  hollow,  containing 
bi-sulphide  of  carbon,  etc. 

Also  a  new  form  of  Babinet's  goniometer,  for  student's  use.  A 
Norremburg  apparatus  for  the  study  of  polarized  light,  and  a  very 
beautiful  spectrometer-goniometer,  and  a  collection  of  photometers 
of  various  kinds,  Bougeur,  Bunsen  and  Foucault,  etc. 

They  also  exhibited  a  large  diffraction  banc.  This  was  ^very 
long  and  fine  one  divided  into  millimetres,  and  supplied  with  a  very 
complete  set  of  lenses,  slides,  prisms,  etc.,  for  showing  interference, 
etc.,  as  shown  in  the  figures. 

Although  few  of  these  instruments   are    intended   for  exact 
measurements,  they  were  of  great  interest  to  teachers  and  lecturers 
on  account  of  their  adaptability  for  use  before  an  audience,  and 
4' 


Foucaiilt  Regulator. 
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Interference  Phenomena    shown  by  the  DifTraction   Banc. 
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because  of  the  skill  which  has  been  used  to  render  them  useful  for 
exhibition  by  means  of  electric  light  which  is  now  so  much  used 
for  scientific  work. 


Apparatus  for  the  Projection  of  Circular  Polariiation  in  Crystals. 

In  the  collection  of  Th.  and  A.  Diiboscq  was  also  exhibited 
a  very  fine  apparatus  for  the  projection  of  all  the  phenomena  of 
double  refraction,  rectilinear,  circular,  elliptic,  chromatic  and 
rotary  polarization.  The  apparatus  was  finely  finished  in  brass, 
with  movable  lens  and  crystal  holders,  etc.,  as  shown  in  the  figure, 
with  Nicol  polarizer  and  analyser,  Delezenne  polarizer,  glass  pile, 
black  glass  plates,  tourmaline,  quartz  parallel,  quartz  perpendi- 
cular, one-quarter  wave  micas,  direct-vision  prism,  compensator 
and  soleil  biquartK,  rectilinear  aperture,  microscope,  etc.,  the  whole 
capable  of  being  used  with  any  lantern  or  parte  lumure. 

L.  Aboillard  exhibited  a  fine  collection  of  incandescent  lamps 
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Aboillard's  Articulated  Electnc  Lan^  Supp<nl  for  Microscopic  Use. 
from  two  to  loo  volts;  various  styles  of  ladies'  hair  ornaments,  but- 
terflies, scarf  pins,  etc.,  with  miniature  lamps  mounted  in  the  centre, 
small   pocket   accumulators,  articulated   su{^>orts   for   lamps    for 
microscopic  use,  etc. 

GALVANIC  BATTERIES. 

Galvanic  batteries  are  yet  the  simplest  and  most  convenient 
means  for  obtaining  an  electric  current  for  most  purposes  not 
requiring  great  strength  or  constancy ;  and  the  variety  of  batteries 
adapted  to  different  purposes  is  very  great.  In  the  report  upon 
batteries  will  be  found  some  data  for  judgment  as  to  their  adapta- 
tion to  various  uses.  But  there  are  many  good  batteries  which 
were  not  examined,  and  among  them  are  such  as  the  Bunsen,  the 


Crenet  Qicbromate  Cell, 
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Grenet  and  the  Grove.  Ol  these,  the  Grenet,  or  as  it  is  most 
generally  called  the  bichromate  cell,  is  one  of  the  best.  Wheel 
freshly  set  up  its  electro-motive  force  is  Just  about  two  volts,  and 
its  internal  resistance  low.  Such  a  one  as  is  represented  in  the 
cut,  holding  out  two  litres  of  liquid  will  rarely  measure  over  a 
quarter  of  an  ohm. 

But  it  is  necessary  to  ViR  the  zincs  out  of  the  solution  when  not 
in  electrical  action,  as  otherwise  chemical  action  goes  on  and  the 
zinc  is  dissolved.  When  several  of  these  zincs  are  used  together, 
it  is  exceedingly  convenient  to  have  all  the  zincs  lifted  out  of  their 


Queen's  New  Plunger  Batlerj-. 
solutions  at  the  same  time,  and  Queen  &  Co.  showed  a  battery  of 
six  such  cells  having  a  wheel  and  rachet  for  lifting  out  the  elements 
from  the  liquid  when  not  in  use.  Such  a  battery  of  cells  has  an 
electro-motive  force  of  twelve  volts,  and  will  yield  a  current  of  about 
ten  amperes  on  short  circuit. 

Such  a  battery  will  suffice  for  most  illustrative  and  teaching  pur- 
poses, but  if  incandescent  lighting  with  it  is  desired,  it  will 
need  a  ten  or  eleven  volt  lamp,  which  will  give  four  or  five 
candle-power. 

What  is  known  as  a  Chloris  Baudet  battery  or  unpolarizable 
cell,  proved  upon  test  to  be  a  first-class  battery  cell  giving  an 
electro-motive  force  of  1S7  volts,  and  with  low  internal  resistance 
and  a  remarkable  degree  of  constancy  when  compared  with  most 
other  cells.     This  battery  is  a  two-fluid  battery,  with  the  zinc  in  a 
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solution  of  an  hydrogen-potassium  sulphate  in  an  ample  porous 
jar  and  plates  of  carbon  in  the  outer  jar,  which  contains  a  saturated 
solution  of  bichromate  of  potassium  and  sulphuric  acid  as  is  usual  in 
the  Grenct  cell.  If  the  outer  jar  be  made  large  enough  to  permit 
holding  two  small  porous  jars,  one  to  contain  strong  sulphuric 


Chloris  Baudet  Battery, 
acid,  and  the  other  crystals  of  bichromate  of  potassium,  these  will 
diffuse  themselves  and  maintain  the  strength  of  the  solution.    Thus 
the  battery  may  give  a  strong  constant  current  for  several  days. 

GEISSLER   &   CROOKES   TUBES. 

Queen  &  Co.  exhibited  over  a  hundred  varieties  of  these  most 
interesting  and  instructive  tubes,  some  of  them  of  great  size  and 
beauty.  They  had  provided  a  darkened  room,  where  they  could 
be  seen  to  advantage  in  the  day-time.  These  tubes  are  now  so 
well  known  that  no  description  of  them  is  needed  here,  but  the 
committee  would  remark  that  aside  from  the  great  beauty  of  some 
of  these  Crookes  tubes  when  lighted  up  by  molecular  bom< 
bardment,  the  tubes  may  serve  for  demonstration  in  every 
department  of  physics.  The  first  laws  of  motion  in  mechanics, 
the  development  of  heat  by  impact,  the  development  of  radiant 
energy  by  impact,  the  production  of  visible  motion  and  of  sound 
by  molecular  impact,  the  electrical  phenomena  of  parallel  elec- 
trical currents,  the  eRcct  of  magnets  upon  electrical  currents, 
phosphoresence,  fluorescence,  etc.,  etc.,  so  that  an  ingenious 
teacher  might  demonstrate  nearly  every  principle  in  phy^cs  with 
an  appropriate  set  of  Geissler  &  Crookes  tubes.  The  cuts  repre- 
sent some  of  the  most  remarkable  of  these  tubes  for  the  develop- 
ment of  motion,  incandescence,  phosphorescence  and  the  shadow. 


Crookes'  Tube.    Showing  the  Crookes'  Tube,    Con- 

*    Molecules  thrown  to  a  Focus  taining  z.  Crystal  of 
producing  Heat  in  a  piece  Iceland  Spar, 

of  Platinum  Foil. 


Ruby  Tube.      Containing  Shells  and  Minerals  of  various  kinds. 
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OEKERAL      PHVSICAL      APPARATOS,     NOT      ELECTRICAL,    EXHIBITED      BT 
JAMES   W.    QUEEN   &   CO. 

A  few  of  these  possessing  more  than  ordinary  interest,  it  is 
thought  best  to  mention  here ;  not  with  the  idea  of  making  a 
report  on  them,  but  because  they  were  exhibited,  attracted  the 
attention  of  many  visitors,  and  were  worthy  of  attentioii. 

A  collection  of  sections  of  crystals,  quartz  lenses  and  prisms 
and  glass  crystal  models,  by  Drs.  Steeg  and  Reuter. 

One  set  in  a  mahogany  case  contains  178  sections  of  crystals 
and  preparations.  A  quartz  lens,  75  mm.  in  diameter  and 
1,500  mm.  radius.  Also  a  cube  of  uranium,  dydimium  and  si^ 
pharine  glass  and  fluor  spar,  in  a  case. 

A  large  exhibit  of  glass  crystal  models,  beautifully  made  and 
arranged,  showing  accurately  the  axis  of  the  crystals.  There  were 
fifty  of  these  models. 

Cathetometers  of  several  sizes  and  forms.  One  was  particularly 
well  adapted  to  laboratory  work,  both  physical  and  chemical.  It 
was  one  and  one-quarter  metres  high,  and  is  so  arranged  that  it 
may  be  used  either  vertically  or  horizontally.  One  of  these  when 
tested  was  found  to  be  as  accurate  and  as  convenient  to  use  as 
some  costing  three  or  four  times  as  much. 

There  were  models  of  telescopes,  the  galilean,  the  astronomical 
and  the  terrestrial,  with  the  direction  of  the  rays  indicated  by 
colored  threads  which  are  useful  helps  to  twginners  in  such 
studies.     Also  a  similar  model  of  a  compound  microscope. 

A  number  of  rock  salt  prisms  and  tenses,  one  of  the  latter  being 
eighty-five  mm.  in  diameter,  and  thirty  collections  of  gelatine  films 
for  selective  absorption  of  colors ;  the  coloring  was  said  to  be  with 
chemically  pure  substances.  In  each  of  these  sets  there  were  thirty 
films  forming  a  very  convenient  and  tolerably  complete  collection. 

MELLONl's   APPARATUS. 

A  finely  constructed  piece  of  apparatus  for  delicate  experiments 
in  heat,  with  between  thirty  and  forty  accessories,  was  shown.  It 
was  manufactured  by  Carpentier,  of  Paris,  and  was  contained  in  a 
very  neat  and  compact  case  for  safe  keeping  and  transportation. 

OPTICAL   BANC. 

There  were  two  of  these  pieces  of  optical  apparatus  with  numer- 
ous accessories.     One  of  them  made  of  mahogany  two  metres  long 


Melloni  Apparatus, 
and  a  veneered  maple  scale  graduated  to  five  centimetres.     The 
other  one  a  simple  wooden  bench  one  metre  long  with  eight  slides, 
sufficiently  good  and  accurate  Tor  most  educational  purposes. 

There  was  also  displayed  a  fine  collection  of  microscopic  appa- 
ratus of  the  finest  workmanship,  the  collection  of  objects  for  polar- 
iscopic  study  was  very  extensive,  and  many  of  the  objects  them- 
selves very  beautiful  and  deserving  of  mention. 
APPARATUS   FOR   PROJECTION. 

A  lantern  adapted  for  the  projection  of  all  sorts  of  physical 
phenomena,  as  well  as  the  simple  projection  of  transparent  photo- 
graphs was  shown.  The  rivalry  among  different  makers  of  such 
pieces  has  served  to  develop  during  the  past  ten  years  this  very 
useful  adjunct  to  an  educational  institution,  until  almost  any 
phenomenon  may  be  shown  upon  the  screen ;  and  what  is 
really  needed  is  a  lantern  which  can  be  easily  and  quickly  changed 
and  adapted  to  different  classes  of  work.  Considerable  experience 
has  led  to  the  conclusion  that  such  a  lantern  as  was  exhibited  by 
Queen  &  Co.  is  adapted  to  as  great  a  variety  of  work  and  is 
manipulated  as  easily  as  any  one  with  which  the  committee  is 
acquainted. 

The  application  of  minute  incandescent  lamps  for  the  illu- 
mination of  the  microscope,  has  recently  attracted    oonsiderable 
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Projector,  with  Vertical  Attachment  for  Chemical  and  Physical  Experiments. 


Galvanometer)  for  Projec 


DKiitz^doyGoOglC 


Koenig's  Wave  Motion  Apparatus. 


Slide  Showing  the  Lines  of  Force. 


Weinhold's  Capillary  Galvanoscope. 


Voltameter  for  Projec 


Electro-Magnet  for  showing  1ine& 

of  Force  by  means  of  Iron 

Filings  in  a  Tank  of 

Glycerine. 


Microscope,  Illuminated  by  Incandescent  Lamps,  showing  (for  convenience 
of  illustraiion)  several  different  Forms  of  Mountings  at  once. 

■attention.     Messrs.  QueenSt  Co.  exhibited  five  microscopes,  binoc- 
ular and  monocular,  with  various  forms  of  mounting. 

One  of  these  is  a  mounting  which  fits  in  the  holder  of  the 
mirror  (the  latter  being  removable)  below  the  sub-stage  condenser  ; 
another  is  a  separate  stand,  so  arranged  with  universal  movements, 
that  opaque  and  transparent  objects  may  be  lighted  with  equal 
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ease.  A  modification  of  the  latter  form  fits  into  the  sti^e  forceps 
hole  in  the  stage. 

A  form  sometimes  preferred  is  where  the  lamp  is  mounted  to 
fit  in  the  sub-st^e,  immediately  below  the  object. 

A  resistance  coil,  specially  arranged  for  use  with  these  lamps, 
was  also  exhibited.  The  current  is  obtained  from  bichromate  bat- 
teries, and  secondary  batteries  are  also  admirably  adapted  where 
they  can  conveniently  be  charged.  A  small  dynamo  machine  has 
very  recently  been  applied  to  light  the  lamps  direct. 

Queen  &  Co.  also  exhibited  a  new  spectroscope  and  goniometer 
combined.  This  instrument  was  specially  worthy  of  attention  on 
account  of  its  excellence  of  design  and  workmanship,  and  reason- 


Queen's  new  Laboratory  Spectroscope, 
able  price.  It  is  supplied  with  two  graduated  circles  of  silver, 
respectively  ninety-five  and  105  mm.  in  diameter.  It  has  a  micro- 
meter and  vernier,  each  reading  to  five  minutes.  The  telescopes 
are  properly  balanced  to  give  ease  of  motion  and  prevent  wear, 
and  are  provided  mth  both  vertical  and  horizontal  adjustments, 
while  an  extra  arm  permits  the  telescope  to  be  reversed  for  use 
with  a  grating.  The  prism  stage  rotates  independent  of  the  circles 
below,  and  can  be  adjusted  by  means   of  levelling  screws  to  any 


50 

position  desirable  for  either  grating  or  prism.  A  small  heliostat 
on  an  universal  joint  is  attached  to  the  slit,  thus  avoiding  the 
necessity  of  an  extra  mirror. 

They  also  exhibited  a  new  laboratory  spectroscope  for  teacher's 
and  student's  use,  furnished  with  a  flint  glass  prism  /,  thirty- 
three  mm.  high,  improved  slit,  with  micrometer  screw  n,  adjustable 
telescope  /,  by  means  of  clamping  screw  a,  the  telescope  has  7 
mm.   aperature,  147  mm.  focus.     The   prism  and  telescopes  are 


Queen's  Spectrometer  for  Laboratory, 
mounted  on  a  finely  finished  brass  table,  supported  on  a  neat  tripod 
stand,  the  table  is  adjusted  vertically,  and  can  be  fixed  by  a  set 
screw  at  the  side,  complete  with  comparison  prism  and  photo- 
graphed scale  for  measurement  of  spectra.  This  spectroscope 
supplies  a  long-felt  want,  and  will  be  of  great  service  for  student's 
use  to  save  larger  and  finer  instruments  in  the  laboratories  of  uni- 
versities. 

EDUCATIONAL   EXHIBIT    OF   DR.    A.    E,     FOOTE. 

This  exhibit  consisted  ol  a  collection  of  crystals  and  massive 
specimens  of  minerals.  The  specimens  were  of  the  finest  sort,  and 
many  of  them  unique.  There  were  collections  suitable  for  instruc- 
tion in  mineralogy  and  geology,  with  huge  specimens  of  crystalline 
masses  of  quartz,  agates,  flour  spar,  amazon  stone,  beryl,  etc. 

Henry  Whitall  exhibited  his  well  known  heliotellus  and  plani- 
sphere both  efficient  as  astronomical  illustrations,  and  much  used 
during  the  past  fifteen  or  twenty  years. 

Respectfully  submitted,  A.  E.  Dolbgar, 

Chairman  Sectitm  XXIX, 

n„,=„,^,UU^lC 


SECTION  XIII.     APPARATUS  for  HIGH   ELECTRO- 
MOTIVE FORCE.     CLASS  2.     ELECTRO-STATIC 
INDUCTION  MACHINES,  INDUC- 
TION COILS,  ETC. 

The  Committee  of  the  Board '  of  Examiners,  to  whom  was 
deputed  the  duty  of  noting  the  exhibits  in  the  above  class,  beg 
leave  to  report  as  follows : 

None  of  the  exhibits  in  this  class  were  entered  for  competitive 
examination,  they  were  mainly  educational  instruments,  contained 
in  the  exhibit  of  Messrs.  James  W.  Queen  &  Co.,  philosophical 
instrument  makers,  of  Philadelphia.  The  committee  has  thought  it 
advisable,  however,  to  mention  briefly  some  interesting  novelties 
which  were  found  in  other  exhibits,  and  which  have  not  yet  received 
public  notice 

Commencing  with  the  exhibit  of  Messrs.  Queen  &  Co.,  the 
following  apparatus  may  be  noted. 

(a.)    toepler-holtz  machines. 

There  were  quite  a  number  of  these  instruments  of  different 
sizes,  having  one,  two  and  four  plates  each,  the  revolving  plates 
varying  in  size  from  twenty-six  centimetres  to  ninety  centimetres, 
and  having  simple  self-charging  appliances.  These  instruments 
worked  satisfactorily,  yielding  a  torrent  of  electric  flashes  with  an 
expenditure  of  very  little  labor.  They  were  conspicuous  for  their 
fine  finish,  nice  adjustment,  and  perfect  workmanship.  Their 
immense  superiority  over  the  old  frictional  electrical  machines,  or 
the  earlier  forms  of  the  Holtz  machine,  has  caused  them  to  sup- 
plant these  entirely.  It  may  be  said  that  they  mark  an  era  of  pro- 
gress in  the  improvement  of  electro-static  induction  machines  as 
remarkable  in  this  field  of  research  as  has  been  achieved  by  the 
dynamo- electric  machine  in  its  sphere. 

While  the  electro-static  induction  machine  cannot  compare 
with  the  induction  coil  in  its  perfect  reliability  of  action  in  all 
weather  and  under  all  conditions,  the  improvements  noted  in  its 
construction  have  materially  enlarged  its  usefulness  in  various 
directions. 

S* 
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(B.)       INDUCTION   COILS. 

A  number  of  coils,  both  of  Messrs.  Queen  &  Co.'s  manuracture  and 
imported  from  M,  RuhmkorfF,  were  shown,  varying  from  miniature 
size,  giving  sparks  of  thirty  millimetres,  up  to  instruments  giving 
sparks  thirty  centimetres  long.  Some  of  these  machines  were  pro- 
vided with  the  Deprez  automatic  break,  and  others  with  the  Fou- 
cault  interrupter.  Some  were  wound  in  sections  and  others  were 
so  constructed  that  they  might  be  taken  apart  without  injury,  and 
the  connections  exposed  to  view  for  purposes  of  study. 

All  of  these  instruments  were  finished  in  the  best  manner,  and 
exhibited  a  thoroughness  of  workmanship  as  well  as  ingenuity  of 
arrangement,  which  is  highly  creditable  to  the  manufacturers. 

(C.)      GEISSLER  TUBES. 

These  are  glass  tubes  of  more  or  less  intricate  construction, 
(sealed  at  each  end  and  having  terminal  wires  of  platinum)  from 
which  the  air,  or  other  gas,  has  been  exhausted  until  the  pressure 
does  not  exceed  half  a  millimetre  of  mercury.  They  are  designed 
to  exhibit  the  well  known  and  beautiful  phenomena  of  electric  dis- 
charge in  rarefied  gases.  In  addition  to  the  ordinary  forms  of 
Geissler  tubes,  there  were  several  novel  ones  of  interest.  The  fluo- 
rescent and  phosphorescent  tubes  exhibited  were  remarkable  for 
their  brilliancy.  In  addition  to  the  above,  there  were  a  number  of 
Plucker's  spectrum  tubes,  containing  traces  of  various  gases,  ele- 
ments and  compounds,  yielding  brilliant  spectra  when  illuminated 
by  the  discharge  from  an  induction  coil  or  Holtz  machine,  and 
examined  by  means  of  a  spectroscope. 

The  so-called  "  end  on  "  spectrum  tubes  arc  especially  valuable 
in  spectroscopic  research ;  from  their  construction  it  is  possible  to 
obtain  the  full  value  of  the  illumination  through  the  whole  lenglk 
of  the  tube  instead  of  transversely,  thus  giving  vastly  more  light 
than  the  ordinary  spectrum  tubes,  and  yielding  more  brilliant 
lines. 

(d.)    crookes'  tubes. 

It  is  probable  that  nothing  in  the  exhibition  excited  more 
interest  than  the  exhibit  of  the  magnificent  tubes  designed  by 
Professor  Crookes,  to  illustrate  the  properties  of  so-called  "  radiant 
matter,"  Many  of  these  tubes  were  four  times  the  size  of  those 
used  by  Professor  Crookes  in  his  remarkable  address  before  the 
British  Association,  in  1878. 
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They  differ  from  ordinary  Geissler  tubes  in  the  more  complete 
exhaustion  of  the  air  (not  over  r.inft.Tnnr  °f  ^"  atmosphere 
remaining)  and  from  the  fact  that  the  ordinary  effects  of  G«issler 
tubes  are  absent,  while  a  whole  new  series  of  remarkable  phe- 
nomena appear.  It  is  upon  the  evidence  afforded  by  the  peculiar 
behavior  of  the  radiant  matter  in  these  tubes,  when  under  electrical 
excitement,  that  Professor  Crookes  rests  his  claim  to  have  revealed 
matter  in  a  stat«  as  far  removed  from  gas  as  gas  is  from  liquid,  or 
liquid  from  solid,  and  he  called  this  supposed  new  condition  the 
"  Fourth  Slate  of  Matter." 

The  exhibit  comprised  all  of  the  forms  of  apparatus  first  used 
by  Professor  Crookes,  as  well  as  some  tubes  of  quite  recent  device. 
Messrs.  Queen  &  Co.  fitted  up  a  small  apartment  where  these  tubes 
were  exhibited  to  a  few  people  each  evening.  This  firm  deserves 
creditable  mention  for  its  enterprise  in  procuring  so  large  and 
valuable  an  exhibit  of  fine  apparatus  of  foreign  and  domestic 
manufacture. 

The  remarkable  discoveries  of  Professor  Crookes  have  been  so 
fully  described  in  the  scientific  journals  that  a  detailed  notice  has 
not  been  deemed  necessary  in  this  report, 

EDISON'S   TRl-POLAR   INCANDESCENT   LAMP. 

Apropos  to  this  description  of  Professor  Crookes"  radiant 
matter  apparatus  may  be  mentioned  briefly  a  very  curious  and 
interesting  incandescent  lamp  in  the  private  exhibit  of  Mr.  Edison, 
showing  phenomena  apparently  analogous  to  those  of  Professor 
Crookes"  radiant  matter  tubes. 

In  this  lamp  a  third  terminal  is  inserted,  to  which  is  attached  a 
thin  strip  of  platinum  foil,  which  projects  upwards  to  within  about 
two  centimetres  of  the  centre  of  the  carbon  loop.  When  the  loop 
is  rendered  incandescent  by  an  electric  current  from  a  dynamo- 
machine  and  a  connection  is  made  (with  a  galvanometer  in  circuit) 
from  the  positive  pole  of  the  lamp  to  this  third  terminal,  it  is  found 
that  a  strong  current  of  electricity  flows  through  the  galvanometer. 
This  anomalous  action  has  been  variously  explained,  but  several 
experiments  have  been  made  with  this  lamp  which  indicate  that 
the  phenomenon  is  similar  to  that  discovered  by  Professor  Crookes. 
For  example,  it  is  found  that  when  the  platinum  pole  is  enclosed 
in  a  glass  tube  sealed  into  the  bulb  in  such  a  position  that  the 
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platinum  foil  is  in  a  direct  line  with  the  carbon,  the  phenomenon 
appears  as  before,  but  when  the  tube  is  bent  at  right  angles,  no 
such  effect  takes  place. 

Several  other  interesting  experiments  with  this  lamp. were 
described,  but  not  shown,  and  the  effects  observed  are  worthy  of 
more  careful  study  than  the  committee  was  able  to  give  at  the 
time. 

diehl's  electric-induction  incandescent  lamp. 

In  the  exhibit  of  the  Singer  Sewing  Machine  Company,  the 
committee  found  several  ingenious  forms  of  incandescent  lamps  in 


Diehl's   Electric    Induction   Incandescent   Lam 
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which  no  terminal  wires  penetrate  the  glass,  the  whole  action 
depending  upon  induction  through  the  glass. 

These  lamps  were  devised  by  Mr.  Philip  Diehl,  of  Elizabcthport, 
N.  J.,  and  require  an  intermittent  current  to  develop  the  inductive 
action ;  the  current  from  the  dynamo  does  not  enter  the  lamp,  but 
passes  into  a  coil  of  wire  which  surrounds  a  glass  tube,  forming 
the  base  of  the  bulb.  Inside  the  tube  is  a  second  coil,  whose 
terminals  are  connected  with  the  carbon  filament,  and  when  the 
intermittent  current  is  passed  through  the  outer  coil,  a  secondary 
current  is  induced  in  the  inner  coil,  which  heats  up  the  carbon  to 
the  point  of  incandescence. 

The  inventor  stated  that  the  best  form  of  lamp  which  he  had 
been  able  to  produce  on  the  induction  principle,  has  an  interior  or 
secondary  coil  of  only  four  layers  of  No,  30  B.  &  S.  gauge,  uncov- 
ered copper  wire.  The  first  layer  is  wound  directly  on  the 
inwardly  reaching  Jube  of  the  glass  globe,  the  other  layers  are 
insulated  from  each  other  by  thin  sheets  of  mica,  the  wire  being 
wound  so  that  there  is  no  point  of  contact.  Naked  copper  wire  is 
used  in  preference  to  insulated  wire  coil  to  facilitate  the  subse- 
quent evacuation  of  the  bulb,  as  any  form  of  insulating  material 
tends  to  retard  the  perfect  exhaustion.  In  order  to  increase  the 
inductive  action,  bundles  of  iron  wire  are  inserted  in  the  centre  of 
the  tube,  around  which  the  secondary  coil  is  wound. 

The  weight  of  copper  wire  used  for  the  interior  coil  is  one-third 
of  an  ounce. 

The  exterior  coil  consists  of  but  two  layers  of  naked  copper 
wire,  No.  16  B.  &  S.  gauge.  These  layers  are  insulated  from  each 
other  with  asbestos  paper,  the  weight  of  wire  being  three  and  one- 
half  ounces. 

The  exhibitor  claimed  that  the  largest  lamp  shown  would  give 
a  light  of  about  forty  candles,  and  stated  that  he  had  run  five  of 
those  lamps  with  an  expenditure  of  one  horse-power,  and  that  he 
was  confident  that  still  better  results  could  be  obtained  when  the 
true  proportions  of  the  coils  are  found  by  further  experiments. 

Another  style  of  incandescent  lamp  was  shown,  having  interior 
and  exterior  condensers,  intended  to  be  used  with  currents  of  very 
high  electro- motive  force,  as  in  the  Geissler,  or  Crookes  tubes, 
except  that  there  arc  no  terminal  wires  liable  to  become  heated, 
and  so  destroy  the  seal.     The  condensers  form  a  sort  of  accumu- 
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lator,   so  that  when  the   current   of    electricity   is   momentarily 
interrupted,  the  steadiness  of  the  light  will  not  be  affected. 

After  Some  difficulty,  owing  to  the  absence  of  the  inventor  and 
the  want  of  a  suitable  dynamo  for  this  purpose,  the  committee 
succeeded  in  operating  two  of  the  lamps,  by  introducing  a  circuit 
breaker,  but  it  was  not  possible  to  make  any  tests,  either  of  the 
candle-power  of  the  light  or  the  power  consumed,  but  the  com- 
mittee is  able  to  state  that  the  carbon  filaments  glowed  with  a 
steady  and  fairly  brilliant  light ;  and  while  no  opinion  is  expressed 
as  to  the  practicability  of  this  form  of  lamp,  it  was  thought  that  it 
possessed  sufl!icient  novelty  and  interest  to  warrant  a  brief  notice 
in  this  report, 

If  there  are  any  other  exhibits  which  the  committee  has 
omitted  to  mention,  it  must  be  attributed  to  the  neglect  of  the 
exhibitors  to  notify  the  Chairman  of  the  Board  of  Examiners  of 
the  objects  which  they  desired  to  have  reported  upon,  and  to  the 
want,  during  the  earlier  part  of  the  Exhibition,  of  an  official 
catal<^uc. 

All  of  which  is  respectfully  submitted  by 

John  B.  De  Motte,  Chairman. 
A.  E.  Outerbkidge,Jr.,  Secretary. 
Committee  on  Section  _X III,  Class  2. 
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INTERNATIONAL   ELFXTRICAL   EXHIBITION,  1884. 
Franklin  Inhtitdtb,  Philadelphia,  Pa, 


REPORT  OF  EXAMINERS. 
Sexttion  XXX. — Machinery  and  Mechanical  Appliances. 


To  the  Board  of  Jifanagera,  FrankHn  IngHtvU: 

Gentlemen  : — I  have  the  honor  to  traDSmit  herewith  the  report  of 
the  ExamiDeis  of  Section  XXX,  on  Madiinery  and  Mechanical  Ap- 
pliances. 

Respectfully, 

M,  B.  Snydeh, 
Chairman  Board  of  Examiners. 
Phila^dblphia,  December.  1884. 


Chairman  Board  of  Examiners,  IntenuUional  Electrical  ExhibUion: 

Sir: — The  Exatninere  in  Section  XXX  (on  Machinery  and  Me- 
chanical Appliances),  respectfully  present  the  following  report. 

Washington  Jones  {Ck'n),    . 

Examiners  of  Section  XXX. 
Philadelphia,  December,  ISS4, 
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MACHINERY  AND  MECHANICAL  APPLIANCES. 

The  undersigned  members  of  Section  XXX,  of  the  Board  of  Ex- 
aminers, appointed  to  report  od  Macliinery  and  Mechanical  Appliances, 
would  Bubmit  the  following : 

Since  it  was  quite  impossible  and  perhaps  under  the  circumstances 
not  altogether  desirable  to  attempt  any  tests  of  the  exhibits  referred  to 
this  section,  the  report  is  based  on  the  evident  merits  of  such  as  were 
seen  in  actual  use  at  the  exhibition,  while  in  cases  where  the  advant- 
age of  this  ground  of  judgment  was  wanting,  it  is  clear  that  little  more 
thaa  passing  reference  to  them  could  be  made. 

The  Chambers  Brothers  &  Co.,  of  Philadelphia,  exhibited  a  brick- 
making  machine,  with  electrical  counter  attachment.  Though  the 
only  electrical  part  of  this  machine  is  the  counter,  some  other  useful 
features  are  preftnt  deserving  notice.  The  clay  is  tempered  and 
moved  slowly  forward  by  knives  revolving  in  a  coniwil  chamber  of 
chilled  iron,  from  which  it  is  forced  through  a  rectangular  die  by  a 
screw  fixed  to  the  end  of  the  same  shaft  which  carries  the  tempering 
knives.  Passing  then  through  a  sand-box  the  clay  bar  travels  on  an 
endless  belt  to  the  cutter,  which  consists  of  a  set  of  radial  arms  on  the 
eiid  of  a  horizontal  shaft,  each  arm  having  a  wire  stretched  across  its 
forked  extremity,  parallel  to  the  shaft.  Each  wire  as  it  is  carried 
around  this  shaft  cnts  a  brick  from  the  sand  coated  bar  of  clay,  the 
motion  of  the  shaft  being  so  adjusted  to  that  of  the  clay  bar  by  an  in- 
genious arrangement  of  cams,  that  the  bricks  are  formed  with  true, 
square  ends  and  of  uniform  lengths.  The  practicability  of  this  cutting 
attachment  has  been  fully  shown  during  the  exhibitioa,  the  machine 
having  made  in  that  time  abouta  million  full  sized  bricks  of  tempered 
clay,  with  sanded  surfaces.  The  whole  number  of  bricks  made  was 
duly  recorded  by  the  electrical  counting  device,  which  was  set  up  in  a 
distant  part  of  the  building. 

William  Sellers  &  Co.,  of  Philadelphia,  exhibited  a  planef,  lathe 
and  geared  drill  press,  in  motion,  by  a  Weston  Electric  Motor. 

The  Wicaco  Screw  and  Machine  Works,  of  Phikdelphia,  exhibited 
in  operation  a  number  of  machines  for  the  manufacture  of  screws  and 
sundry  small  parts  of  machinery.  These  machines  were  designed  and 
manufactured  in  their  workshops, and  embrace  the  most  advanced  ideas 
and  appliances  for  this  specialty,  which  add  to  the  economy  and  quality 


of  their  products.  They  are  of  good  desigo,  well  built  and  very  com- 
plete. 

The  exhibit  of  Kelly  &  Co.,  Philadelphia,  dealeia  in  machine  tools 
and  supplies,  consisted  of  a  Jones  &  Lamson  lathe  and  large  screw 
madiiDe  for  heavy  work;  an  E.  E.  Garvin  index  milling  machine, 
drill  press  and  grinders ;  also  one  Stiles  &  Parker  punch  press.  These 
tools  are  of  the  ordinary  kind,  sold  by  various  makers  and  appear  to 
be  well  made  and  adapted  for  the  purposes  intended. 

The  Taper-Sleeve  Pulley  Works,  of  Erie,  Pa.,  exhibited  several 
taper-sleeve  wood  pulleys,  three  friction-clutch  pulleys,  a  <lead  pulley 
and  a  wooden  pulley  in  halves.  The  taper-sleeve  wood  pulley  has  an 
iron  hub  with  conical  bore,  into  which  fits  a  split  ta)>er  sleeve  or  bush- 
ing bored  straight  to  size  of  ehafi.  By  a  large  nut  on  its  smaller  end, 
this  sleeve  is  drawn  into  the  hub  and  its  consequent  contraction  on  the 
shaft  secures  the  pulley  in  place. 

The  wooden  friction^clutch  pulley,  consists  of  a  wooden  loose  pulley 
having  an  annular  iron  flange  secured  within  its  rim,  projecting  totvard 
the  shaft.  The  outer  face  of  this  flange  bears  against  the  ends  of  a 
heavy  iron  cross-piece,  the  two  arms  of  which  are  bolted  t<^ether 
rigidly  on  the  shall.  Each  of  these  arms  carries  two  iron  levers,  the 
first,  inside,  next  the  pulley,  has  one  end,  hinged  near  the  shaft,  while 
the  other  bears  against  the  inner  face  of  the  flange.  The  second  lever, 
which  18  on  the  outside,  and  connected  with  the  first  by  a  bolt  pas.sing 
through  the  cross-piece,  has  its  fulcrum  at  the  end  of  the  latter,  while 
it  carries  on  its  end  next  the  shaft,  a  cam,  which  when  turned,  draws 
the  inner  lever  toward  the  cross-piece  by  means  of  tlie  bolt,  compres- 
sing between  them  a  rubber  spring  placed  on  the  latter. 

The  two  cams  have  each  a  projecting  arm  lying  close  along  opposite 
aides  of  the  shaft,  and  a  cone  sliding  on  the  shaft  by  a  hand  lever, 
separates  these,  thus  turning  the  cams  enough  to  cause  the  flange  on 
the  pulley  to  Iw  gripped  as  in  a  vise.  The  gripping  jaws  are  faced 
with  maple  wood,  which  makes  them  more  durable  and  effective,  and 
easy  to  repair.  The  wooden  pulley  in  halves  is  built  up  on  a  web  of 
narrow  sectors  of  wood  with  the  grain  running  radially,  and  is  provided 
with  an  iron  hub  in  halves  secured  by  four  bolts.  The  web  is  furnished 
with  dowels,  and  two  paii-s  of  clamps  bolted  through  it,  form  a  sub- 
stantial locking  device  near  the  rim. 

The  dead  pulley — also  of  wood—  is  designed  to  facilitate  the  starting 
and  shifting  of  a  belt  when  the  loose  pulley  is  on  the  driving  shaft. 


Oa  a  hanger  adjoiaing  the  palley  is  carried  a  rope  wheel  concentric 
with  the  shaft  and  turned  by  the  same  rope  which  moves  the  belt  shifter. 

By  a  partial  rotation  of  this  wheel,  a  cam  operates  two  sliding  pieces, 
so  that  they  bear  against  the  loose  pulley  and  press  its  rim  against  that 
of  the  fast  pulley.  The  loose  pulley  is  thus  temporarily  coupled  to  the 
shaft  by  friction,  ani  the  belt  can  now  be  shifted.  By  a  reverse  pull 
of  the  rope,  which  for  a  little  way  runs  freely  through  the  belt  shifter, 
the  rope  wheel  is  again  turned,  removing  the  pressure  and  releasing  the 
loose  pulley  from  its  bold,  and  by  a  still  further  pull  the  belt  is  shifted 
back  again. 

Alexander  Brothers,  of  Philadelphia,  Pa.,  exhibit  a  number  of  rolls 
of  belting,  ranging  from  2  to  40  inches  in  width.  They  are  all  oak 
tanned,  of  good  quality  and  of  uniform  thickness  and  texture.  A  34- 
inch  belt  transmitting  power  from  the  Buckeye  Engine,  of  tlie  Ken- 
.sington  Works,  ran  very  straight  with  a  good  contact  on  the  pulleys. 

The  several  rolls  of  belting  exhibited  by  Charles  A.  Schieren  &  Co^ 
of  Philadelphia,  Pa.,  from  2  to  5  inches  wide,  single  and  double,  are  of 
a  dark  color,  owing  to  a  special  dressing  used  in  their  manu&cture, 
which  is  claimed  to  give  the  belting  great  pliability,  and  tu  make  it 
wat«r-proof  as  well.  That  examined  was  found  very  pliable  with  a 
firm  surface  texture.  Three  double  belts,  a  30-inch,  connecting  the 
Porter-Allen  Engine  with  the  shafting,  and  two  18-inchee,  connecting 
the  latter  with  a  pair  of  counter-shafts,  ran  straight  and  smooth  with 
good  bearing. 

An  investigation  of  the  exhibit  of  the  Shultz  Belting  Co.,  of  Phila- 
delphia, Pa.,  showed  a  peculiarity  in  the  manner  of  tanning,  by  which 
only  the  surfaces  of  the  belt  are  oak-tanued,  while  the  interior  is  only 
partly  ao,  thereby  retaining  the  properties  of  raw-hide  to  a  certain 
d^ee.  By  a  subsequent  mechanical  operatien,  the  requisite  pliability 
is  imparted.  The  belting  examined  was  verysoftand  pliable,  appearing 
to  possess  all  thequalitiesof  a  good  article.  Fourtwo-ply  beltsof  this 
description,  8  inches  wide,  connected  the  two  "  Straight  Line  "  engines 
with  the  shafting  and  showed  good  running  and  bearing.  Two 
single  belts,  respectively  1  inch  and  |  inch  in  width,  ran  two  of  the 
Ball  Dynamos  and  gave  good  satisfaction, 

Messrs.  J.  H,  Billington  &  Co.,  of  Philadelphia,  Pa.,  had  an  exhibit 
of  Hoyt  &  Brothers  tmiting  which  presented  a  tine  appearance,  though 
none  of  it  was  seen  in  operation. 

The  Ajax  Metal  Co.,  of  Philadelphia,  Pa.,  exhibited  a  metal  showing 
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a  close,  fine,  graio,  and  apparently  well  adapted  to  meet  the  ends  for 
which  it  is  made.  A  car-wheel  Journal-box  which  claims  to  have  had 
a  ran  of  70,000  miles,  presented  a  good  appearance. 

The  Phosphor-Bronze  Smelting  Co.,  Limited,  of  Philadelphia, 
exhibited  specimens  of  several  grades  of  metal  intended  for  widely 
different  purposes,  as  for  instance,  gear-wheels,  journal-boxes,  wire, 
small  fittings  of  various' kinds,  and  also  a  sheet  metal  to  meet  a  variety 
of  requiremnete  in  making  electric  machinery. 

B.iehl4  Bros.,  of  Philadelphia,  Pa.,  manufacturers  of  weighing  and 
testing  machines,  exhibited  several  of  their  machines  as  follows :  A 
light  hand  machine  for  testing  samples  of  wire  up  to  1,000  pounds. 
The  wire  is  held  vertically  and  stretched  by  a  screw  and  hand-wheel 
below  the  frame,  a  horizontal  scale  beam  above,  serving  to  weigh  the 
strain.  A  heavier  power  machine,  the  general  appearance  of  the  fnunc 
being  not  unlike  that  of  an  ordinary  lathe,  intended  for  testing  single 
specimens  of  wire,  etc.,  ranging  from  a  few  inches  to  several  feet  in  length, 
np  to  10,000  pounds  strain,  The  pull  is  obtained  by  a  back-geared 
screw  run  by  belt  and  pulley,  and  the  test-piece  held  by  suitable  jaws, 
transfers  the  strain  to  the  shorter  vertical  arm  of  a  bell-crank  lever  at 
the  other  end  of  the  machine,  the  longer  arm  of  which,  extending 
horizontally  along  the  whole  length  of  the  frame,  acta  on  the  scale 
beam  placed  above,  in  the  usual  way. 

The  third  machine  exhibited  was  much  larger  than  the  other  two, 
and  is  operated  by  a  horizontal  hydraulic  plunger  and  cylinder,  con- 
nected with  a  power  pump  and  accumulator.  It  b  a  multiple  machine 
that  is  intended  for  stretching  and  strmghtening  several  very  long 
pieces  of  wire  at  one  operation.  For  this  purpose  it  is  arranged  so  that 
the  frame  and  foundation,  carrying  the  straining-head,  can  be  erected 
60  or  100  feet,  or  any  desired  distance,  from  the  mechanbm  for  hold- 
ing the  other  ends  of  the  wiree,  and  weighing  the  strain  applied.  The 
jaws  at  both  ends  are  arranged  to  grip  from  one  to  six  wires  at  once,  a 
feature  of  some  value  for  wire  mills  where  it  may  be  desired  to  carry 
on  such  operations  with  rapidity. 

As  no  arrangements  were  made  to  exhibit  the  workiog  of  these 
machines,  it  can  only  be  said  that  they  seemed  to  be  well  adapted  for 
the  work  they  were  intended  to  do. 
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The  "  M.  T.  Davidson  Steam  Pumps "  exhibited  are  known  as 
"  Heavy  Pressure  or  Boiler  Feed  Pumps." 

It  is  to  be  regretted  that  these  pumps  were  not  subjected  to  systematic 
trial  that  a  complete  rqwrt  of  their  performance  and  merits  might  be 
written.  They,  however,  possess  many  points  of  excellence  which  are 
apparent  without  extended  trial,  and  which  may  be  thus  enumerated. 

Uniform  velocity  of  water  piston  and  delivery,  under  ordinary  con- 
ditions of  supply  or  suction.  The  speed  may  be  controlled  to  any 
d^ree  of  nicety  desirable. 

The  water  end,  its  valves,  passageways  and  piston  are  admirably 
arranged  for  readiness  of  access  and  economical  working.  The  small 
number  of  working  parte  must  greatly  lessen  the  frequency  of  adjust- 
ment and  repair.  Lightness,  compactnessj  stiffness  and  strength  are 
qualities  secured  hy  the  absence  of  complicated  gearing,  and  the  ad- 
vantageous position  of  the  frame  uniting  the  steam  and  water  ends. 

It  should  be  added,  that  these  pumps  are  specially  adopted  to  land 
service,  where  their  highest  economy  and  efficiency  would  be  realized. 

The  "  Chalmers  and  Spence  Pipe  Covering,"  used  on  all  steam  pipes 
in  the  exhibition  building,  gave  entire  satisfaction  when  first  applied, 
but  soon  became  so  charred  by  the  heat  of  the  steam  used — about 
331°  P.— as  to  be,  in  a  measure,  ineffective. 

" Burgess' Patent  Portable  Mechanical  Blow-pipes"  fulfill  all  the 
requirements  of  the  ordinary  blow-pipe,  and  are  applicable  to  a  far 
wider  range  of  work  in  brazing,  soldering,  teste  and  analyses. 

The  blast  supplied  is  steady,  and  completely  within  the  control  of 
the  operator.  Its  use  admits  of  the  free  manipulation  of  the  flame, 
and  object  operated  upon.     It  is  handy,  compact  and  durable. 

The  Metallic  Gaskete  of  the  "  Common  Sense  Packing  Manufac- 
turing Company,"  employed  generally  throughout  the  exhibition 
building  in  making  the  joints  of  the  numerous  steam  and  water-pipes, 
gave  entire  satisfaction. 

The  metal  of  which  these  gaskets  are  made,  would  seem  to  be  superior 
to  mbber  for  steam  and  water  jointe,  enduring  a  greater  degree  of  heat 
without  deterioration.  They  can  not  be  blown  out  by  ordinary  pressure, 
are  not  efiected  by  contact  with  water  or  steam,  and  posseses  sufficient 
elaslidty  to  withstand  ordinary  shocks  and  vibrations. 
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A  variety  of  these  gaskets  is  specially  prepared  for  fianged  joints, 
which  from  any  cause  ooine  together  imperfectly,  and  it  is  believed  will 
meet  a  long  felt  want  in  steam  and  water-pipe  fitting.  The  packing 
proper,  of  this  company,  specimens  of  which  were  exhibited — and  of 
which  a  wide  range  of  sizes  are  manufactured — is  designed,  mainly  for 
piston  rod  and  valve  stem  packing,  and  for  such  purposes  we  take 
pleasure  in  recommending  its  use.  R.  C. 

Adopted  by  the  Section : 

Washimoton  Jones,  Ckainwm. 
C.  W.  ScBiBNEB,  Sea-dan), 

C.  Chabot,  Jabez  H.  Gill, 

G.  MoBOAM  Eldrtdob,  Huqo  Bilqbah. 

Robert  E.  Crawpohd,  Luther  L.  Cheney, 

Charles  E.  Roualdson. 
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